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CHAPTER 1 
GENERAL INTRODUCTION 
Introduction 
Iowa was ranked as number one in com (Zea mays L.), soybean {Glycine max 
(L.) Merrl.), and swine (St/s scrofa) production in the U.S. in 1999 (U. S. Department 
of Agriculture, 2000). Com was grown in Iowa on 11.8 million acres or 50% of the 
tillable acres of the state. Soybeans were grown in Iowa on 10.75 million acres. Cash 
receipts in Iowa in 1999 were $3.1 billion for com and $2.2 billion for soybeans. 
Current economic constraints on profitability of crop production limit the cropping 
system to a com-soybean rotation in most of the state. Cash receipts for swine in 
Iowa in 1999 were $2.4 billion. Nearly 18% of the farmers in Iowa produce swine as 
well as com and soybeans (U.S. Department of Commerce, 1997). 
Swine production in Iowa is becoming highly concentrated in confinement-
style production facilities, where large volumes of swine wastes are collected with 
water and stored in concrete pits beneath the animals or separate containers or 
lagoons. The concentrated swine wastes can cause environmental concems for the 
government and the citizens of the state due to the potential for land and water 
contamination and the fouling of the air by noxious odors (Perkins and Beeman, 
1998). The concentration of large quantities of manure in a small geographic area 
has created a shortage of available land nearby for disposal. Hetemdera glycines 
Ichinohe, the soybean cyst nematode, caused an estimated yield loss of three million 
metric tons in the top 10 soybean-producing countries in 1994 (Wrather et al., 1997) 
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and was ranked as the most damaging disease of the soybean-producing areas in 
the world (Doupnik, 1993; Wrather et al., 1997). The nematode was first reported in 
the U.S. in North Carolina in 1954 (Winstead et al., 1955). Since that time, H. 
glycines has spread to most of the soybean-produdng states in the U.S. and has 
become the disease of greatest importance in soybean production in the U.S. 
(Doupnik, 1993; Pratt and Wrather, 1998; Wrather et al., 1997). Heterodera glycines 
was first detected in Iowa in 1978 in Winnebago County (Tylka, 1995). Since 1978, 
H. glycines has spread to at least 90 of the 99 counties of Iowa (personal 
communication, G. L. Tylka). A random survey of the prevalence of several major 
soybean diseases in the midwest in the mid 1990's indicated that 76% of the 
soybean fields in Iowa were infested with H. glycines (Workneh et al., 1999). Reports 
of soybean yield losses of 15% from H. glycines have been reported (Koenning et al., 
1999). 
Manure Application in Corn and Soybeans 
Swine manure has been used as an effective means of supplying nitrogen, 
phosphorus, potassium, and other major and minor elements, such as sodium, 
copper, zinc, calcium, selenium, manganese, sulfur, and magnesium, for crop 
production (Brumm 1998; Tisdale et al., 1985). Prior to the widespread use of 
inorganic fertilizers in the second half of the twentieth century, animal manures were 
the primary source of supplemental crop nutrients. Swine manure can improve soil 
fertility not only in the year applied, but also for multiple years after application 
(Brumm, 1998). Much of the nutrients in swine manure are bound in complex organic 
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molecules that must be mineralized before they can be utilized by the crop (Simpson, 
1986). In the first year of application, an estimated 50-60% of the nitrogen, 75-80% 
of the phosphorus, and 85% of the potassium is available to plants (Sharpley et al., 
1998). The degree of availability of the micronutrients to crops from swine manure is 
not well known (Brumm, 1998; Sharpley et al., 1998). 
Swine manure has t>een primarily applied prior to planting com, resulting in 
com yield increases {Huber et al., 1993; Sutton et al., 1982). The greater crop yields 
with manures versus inorganic fertilizers were reported to be due to increased 
nutrient availability, improved soil aggregation, improved soil-water holding capacity, 
and improved soil aeration, which leads to better biological activity in the soil (Sutton 
eta!., 1996; Tisdale et al., 1985). 
Swine manure application to soybean fields has increased in the last decade 
because the large volume of manure fi'om confinement facilities exceeds the nearby 
corn acreage to which the manure can be safely or legally applied. In Iowa, about 
66% of the swine producers apply swine manure to their soytiean fields (personal 
communication, Paul Lasley, Iowa State University). Several researchers have 
reported soybean yield increases from swine manure application (DeJong, 1995; 
Schmidt et al., 1996; Ueda, 1996). Still others report no yield advantage in soybeans 
after applying swine manure (Garda and Blancaver, 1983). 
Negative effects have been reported from swine manure application in 
soybeans. The high salt content of swine manure can be phytotoxic to soybeans 
(Brinton, 1982). Hedrick Oeike (1998) reported that soil-borne fungal pathogens that 
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cause root and seedling diseases increase with swine manure application prior to 
soybean planting. Seedling diseases were greatest when soybeans were planted 
soon after swine manure application. Also, rhizobiai bacteria can k^e inhibited from 
fixing nitrogen In soybean roots when high concentrations of nitrogen are present in 
the soli (Schmidt et al., 1996; Yoshida, 1979). Swine manure application reduced 
nodulatlon on the soybean roots (Martinson, personal communication). 
Heterodera glycines Life Cycle 
The life cycle of Heterodera glycines begins with a single egg In the soil, or 
more likely, an egg contained in a cyst, the presen/ed body of a dead female 
nematode. The cyst is the structure in which the nematode overwinters. The first-
stage juvenile (J1) nematode develops in the egg and molts, resulting in the 
formation of the second-stage juvenile (J2). The J2 in the egg can hatch when 
prompted by certain environmental conditions, the most important of which are soil 
temperature and moisture (Schmitt, 1992). Another important cue for hatch is a 
chemical signal from the host plant (Fukuzawa et al., 1985; Perry, 1989). 
After hatch, the J2 moves through the soil toward the roots of the host plant 
and penetrates the epidermis in the region of cell differentiation in the roots. 
Movement in the root is intracellular through the cortical cells to the stele, where the 
J2 begins feeding on plant cells while injecting secretions into the cell (Endo, 1987). 
The secretions prompt surrounding cells in the stele to undergo rapid nuclear and 
cytoplasmic changes, which form a feeding structure known as the syncytium. The 
juvenile then molts three more times while in the root. 
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With the last molt, the adult stage is fomned. The verifomn adult male leaves 
the cuticle and exits the host root. As the female feeds from the syncytial cells, her 
body swells and ruptures through the root epidermis. The male, attracted by 
pheromones produced by the female (Rende et al., 1982). moves to the female and 
mates with her. fertilizing her eggs. Approximately one-third of the eggs are laid 
outside the female body in a gelatinous matrix (Seinhorst, 1986). The eggs laid 
outside the body wall can hatch the same season as they are laid and, thus, are 
secondary inoculum contributing to the secondary infections of the soybean roots 
(Ishibashi et al.. 1973). The majority of the eggs, about 200 to 400 eggs, are retained 
within the female body. 
When the female dies, the body dislodges from the root due to external 
forces and begins to change chemically to produce a cyst that is resistant to many 
outside environmental stresses. Okada (1972) proposed that unidentified hatch-
inhibiting compounds form in the cyst walls, inducing a type of dormancy in the eggs, 
which prevents premature egg hatch. Some eggs can remain dormant for as long as 
11 years before finally hatching (Inagaki and Tsutsumi. 1971). A single generation for 
H. glycines takes atiout 24 to 30 days (Lauritis et al.. 1983). depending on soil 
environmental conditions (Schmitt, 1992; Tefft et al., 1982). In Iowa, it is likely that 
H. glycines undergoes several generations in a single growing season, allowing for 
rapid increases in the nematode population densities in the soil. 
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Management of Heterodera glycines 
Heterodera glycines is disseminated into previously uninfested fields or 
uninfested areas of fields primarily by movement of infested soil. Movement of 
infested soil can be by natural processes, such as wind or water, or by living 
organisms such as animals. The most important vector of infested soil is man and his 
agricultural tools (Edwards, 1988). Preventing soil movement into an uninfested area 
is the first step in preventing yield loss from the nematode. Once H. glycines is in the 
soil, there are only a few effective management options available. 
Rotation to a nonhost crop is recommended as a tool to manage H. glycines 
egg population densities in the soil (Wrather et al., 1992). In Iowa, and in much of the 
northern com belt, soytieans are rotated with a single year of com. Edwards (1988) 
concluded that a field planted one year in a nonhost crop still allows H. glycines 
population densities to increase in soybeans, but at a slow rate. 
The use of H. gr/yc/nes-resistant soybean varieties is effective in reducing 
nematode reproduction and, thus, slows the increase in nematode population 
densities in the soil. Known sources of resistance genes in soybeans for H. glycines 
are limited and were reviewed by Caviness (1992). The majority of commercially 
available varieties, however, are derived from a single source of resistance, PI88788. 
Exposing populations of H. glycines to a single resistance source can select for a 
population composed of individual nematodes that are capable of overcoming the 
resistance genes (Niblack, 1992). 
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An integrated program utilizing crop rotation with nonhost crops and resistant 
and susceptible soybean varieties over a period of several years currently is 
recommended for managing H. g/yc/ines populations (Tylka, 1995). Nematicides 
generally are not recommended for controlling H. glycines because they are usually 
not effective. Additionally, the cost of the chemical may not be offeet by yield 
increases, and current public opinion deems pesticide use as environmentally 
undesirable. 
Proper plant nutrition, which promotes soybean plant health, also may be 
important in limiting yield reductions from H. glycines. Wrather et al. (1992) cautioned 
that soybean fertilization practices should be based on soil analysis, not on the 
presence or absence of H. glycines. In contrast, Melakeberhan (1997) suggested 
that nutrient recommendations based solely on plant needs may not t>e adequate 
when considering plants growing in plant-parasitic-nematode-infested soil. 
Plant-Parasitic Nematode Management with Animal Manure 
Animal manures have the potential to reduce crop damage from plant-
parasitic nematodes. Manures of poultry, cattle, horses, sheep, and swine have t)een 
reported as suppressive to plant-parasitic nematodes on crops (Bulluck et al., 1999; 
Conn and Lazarovits, 1999; Khan, 1994; Khan et al., 1997; Matsuo et al., 1994; 
Stephan, 1995). The nematode-suppressive effects of poultry manure have been the 
most commonly investigated. 
Poultry manure has been reported to significantly reduce Meloidogyne spp. 
population densities on many crops (Akhtar and Mahmood, 1997; Chindo and Khan, 
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1990; Conn and Lazarovits, 1999; Kaplan and Noe, 1993; Mian and Rodriguez-
Kabana, 1982; Morantetal., 1997; Oduor-Owino and Waudo, 1996; Riegel etal., 
1996; Stirling, 1989; Wahundeniya, 1991). Poultry manure applied as a soil 
amendment in crops has been reported to reduce plant-parasitic nematode infection 
and, thus, increase yields. Infestations of Metoidogyne arenaria in tomato (Kaplan 
and Noe. 1993) and M. incognita in cotton (Riegel et al., 1996) were reduced by 
poultry manure. 
Morant et al. (1997) applied poultry manure at the V2 and V5 stages of 
soybean growth and reported enhanced soybean seed production and lower 
numbers of H. glycines females on the soybean roots. Al-Rehiayani (1992) reported 
that liquid poultry manure inhibited infection of soyt>ean roots by H. glycines in the 
greenhouse when roots were assayed six weeks after planting and manure 
application. 
Not ail animal manure amendments have k>een reported to reduce population 
densities of plant-parasitic nematodes. Matsuo et al. (1994) reported that soil 
amended with dried cattle manure under controlled conditions increased the numt)er 
of H. glycines adult females on soytiean roots, the number of J2 in the soil, and the 
rate of egg hatch when compared to the absence of the amendment. 
Few reports are available on the effect of swine manure on plant-parasitic 
nematodes, and the results reported are not consistent. According to Conn and 
Lazarovits (1999), population densities of the lesion (Pratylenchus), pin 
(Paratylenchus), and root-knot {Metoidogyne) nematodes in potatoes were reduced 
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30-50% by swine manure when compared to where no swine manure was applied. 
The population densities of all three nematodes remained lower over the two years of 
the study where swine manure was applied than where no swine manure was 
applied. In a laboratory experiment, Ai-Rehiayani (1992) reported that swine manure 
inhibited the hatch of H. glycines eggs. 
Swine manure applications did not always result in lowered plant-parasitic 
nematode population densities. Bulluck et al. (1999) reported that swine manure 
applied to a tomato field had no effect on p)opulation densities of plant-parasitic 
nematodes (species not reported), but increased bacterivorous and fungivorous 
nematode population densities in the soil. Finally, Ueda (1996) reported that swine 
manure application to soil prior to planting soyt)eans in the spring for four years 
resulted in H. glycines cyst population densities each year that were greater than in 
the untreated check, but similar to densities where an inorganic fertilizer treatment 
was applied. Soybean yields also were greater where swine manure was applied 
than in the untreated check. 
Al-Rehiayani (1992) reported that swine manure inhibited egg hatch of H. 
glycines in short-term laboratory studies. Eggs of H. glycines were inhibited from 
hatching over a 30-day period when the eggs were incubated in solutions of various 
concentrations of swine manure. Inhibition of H. glycines egg hatch by swine manure 
during years that a nonhost crop was grown could lessen the effectiveness of this 
management strategy. 
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Reduction in hatch from other animal manures has been reported for other 
plant-parasitic nematodes. Kaplan and Noe (1993) reported decreased egg 
production by Meloidogyne arenaria after poultry manure application, which resulted 
in a reduced initial egg population the following growing season. They suggested that 
poultry manure application in conjunction with rotation to a nonhost crop could 
increase the effectiveness of the rotation and reduce the numt)er of years required of 
a nonhost crop. In contrast, Matsuo et al. (1994) reported that dry cattle manure 
mixed with soil increased the number of J2 and the egg hatching rate of H. glycines, 
even in the absence of growing plants, compared to untreated soil with and without 
the presence of soybean plants. 
There have been suggested several possible mechanisms for nematode 
suppression from animal manures. The mechanism with the strongest experimental 
support is toxicity to nematodes from the elevated nitrogen content of manures. Mian 
and Rodriguez-Kabana (1982) and Riegel et al. (1996) suggested that the 
accumulation of ammonium in the soil released by microbial decomposition of 
chicken manure was responsible for the nematicidal effects of poultry manure. Free 
ammonium, a common component of animal manures often in high concentrations, 
has been shown to suppress nematode population densities and reduce damage to 
crops (Rodriguez-Kabana, 1986). 
The presence of toxic compounds in animal manures or their release from 
manures during metabolism by soil microbes have been proposed as the cause for 
nematode suppression. Kaplan and Noe (1993) proposed a dual mechanism of 
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nematode suppression by poultry manure. Early in the season, suppression was 
proposed to be due to both high ammonium levels and some unknown toxic 
compound(s) in the manure. Later, suppression was proposed to be due to increased 
microbial activity. Although toxic compounds in addition to ammonium have been 
suggested (Badra etal, 1979; Chindoand Khan. 1990; Mian and Rodriguez-Kabana, 
1982; Morant et al., 1997), few specific compounds responsible for the nematicidal 
effects have been reported. Badra et al. (1979) reported that fatty acids and phenols, 
microbial breakdown products of organic amendments, were responsible for the 
nematicidal effects. 
Other mechanisms that may suppress plant-parasitic nematodes in the soil 
are anaerobic conditions from the high biological oxygen demand of the elevated 
concentrations of animal manure in the soil (Sawyer and Hoeft, 1990), the high salt 
concentrations associated with animal manures (Sutton etal., 1996), and increases 
in population densities of nematode parasites or antagonists in the soil (Conn and 
Lazarovits, 1999; Kaplan and Noe, 1993; Oduor-Owino and Waudo, 1996; 
Rodrlguez-Kabana, 1986). 
Liquid swine manure contains a high concentration of ammonium and high 
levels of mineral nutrients, as well (Brumm, 1998). Swine manure is a very complex 
suspension of many simple and complex organic acids and volatile aromatics, any 
one of which may contribute to nematode suppression. Sutton et al. (1996) listed 46 
compounds that were released into the air from anaerobic digestion of animal 
manures. Zahn et al. (1997) collected and identified more than 50 compounds in the 
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air over swine manure lagoons and from pits beneath swine confinement buildings. 
They quantified the prevalent compounds. These same compounds may be released 
during microbial decomposition in the soil. Japenga and Harmsen (1990) identified 
and quantified the salt content of swine manure. 
Chindo and Khan (1990) showed that the hatch-inhibiting factor in poultry 
manure was water soluble. They reported that Meloidogyne incognita egg hatch was 
reduced and J2 mortality increased when incubated in the water-soluble fraction of 
as little as 2 g of poultry manure/I 00 ml distilled water when compared to distilled 
water. Research conducted by Al-Rehiayani (1992) showed that in vitro Heterodera 
glycines egg hatch was inhibited by liquid swine manure. 
Summary 
Because of the widespread distribution of H. glycines in Iowa, it is likely that 
swine manure will be applied to com and soybean fields infested with the nematode. 
Considering the limited and conflicting information concerning the effects of swine 
manure on plant-parasitic nematodes, more research is needed. The information 
would be important in determining the best management practices for swine manure 
disposal and for H. glycines management. 
Inhibiting the hatch of H. glycines eggs in the year of com in a corn-soybean 
rotation could reduce the effectiveness of a nonhost crop as a management tactic by 
increasing the initial egg population in soybeans the following year. Conversely, 
inhibited egg hatch with swine manure application in soybeans may provide another 
management tactic against H. glycines. 
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The objectives of this research were: 1) to determine the effects of swine 
manure application prior to planting com on soil nematode populations and soybean 
growth and yield in a com-soybean rotation, 2) to determine the effects of swine 
manure application timing, rates, and placement on the soil population densities of H. 
glycines in soybeans and on the growth and development of soybeans, and 3) to 
determine the component(s) of swine manure and the mechanism responsible for the 
inhibition of H. glycines egg hatch. 
Dissertation Organization 
This dissertation has five chapters. The general introduction, containing a 
literature review of pertinent information, is followed by three chapters of research 
results presented as separate journal manuscripts. Two manuscripts are for 
submission to the Joumai of Nematology and the third for submission to Plant 
Disease. Tables and figures follow each chapter. Chapter 5, a general summary of 
the entire work, is followed by an appendix. The appendix contains supplemental 
data in tables and figures from the field research reported in chapters 2 and 3. 
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Abstract 
Liquid swine manure and an inorganic fertilizer were applied pnor to planting in the 
com year of two two-year com and soybean rotation experiments. There were two 
untreated control plots, one planted to com and one left fallow. No nutrients were 
applied the second year when soytieans were planted. Soyt>ean height was 
increased by both swine manure and inorganic fertilizer in one of two experiments. 
Soybean yields were increased by swine manure application in both experiments and 
in one experiment by inorganic fertilizer. Heterodera glycines egg population 
densities were reduced an average 48 to 64% in the com year. Egg population 
densities at harvest in the com year for the different nutrient sources were not 
significantly different (P>0.05). Nutrient source and the presence or absence of com 
in the year of com did not influence H. glycines egg population densities at harvest in 
the year of soybeans. The population densities of Helicotylenchus sp. were lower in 
both the com year and the soybean year in experiment 2 in the fallowed control when 
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compared to the planted control. The stylet-bearing nematode and non-stylet-bearing 
nematode population densities increased the first year in one experiment after swine 
manure application. In summary, swine manure application in com had no effect on 
H. glycines population densities the following year in soybeans, but did enhance 
soybean growth and yield. 
Introduction 
Iowa was ranked as the number one swine (Sus scrofa), soybean {Glycine 
max (L.) Merri.), and com (Zea mays L.) production state in the U.S. in 1999 (19). 
Corn is grown on 11.8 million acres or 50% of the tillable acres in the state. Current 
economic constraints limit the cropping system to a corn-soybean rotation in most of 
the state. Neariy 18% of the farmers in Iowa produce swine as well as com and 
soybeans (20). In recent years, swine production in Iowa is becoming highly 
concentrated in confinement-style production facilities, where large volumes of swine 
wastes are collected with water and stored in pits beneath the animals or in separate 
containers or lagoons. 
Farmers consider animal manures as an important source of nutrients for crop 
production. Traditionally, swine manure has been applied to supply nitrogen (N), 
phosphorus (P), potassium (K), sodium, copper, zinc, calcium, selenium, 
manganese, sulfur, and magnesium for com growth (2, 18). Swine manure 
incorporated into the soil by injection or with tillage within the first 24 hours after 
surface application retains much of the nitrogen, mostly in the form of ammonium 
(10, 13). If not incorporated, loss of ammoniacal N from the manure through 
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volatilization is rapid (13). Also, nutrients in swine manure can be lost through runoff, 
if the manure is not incorporated into the soil (2). 
Swine manure can improve soil fertility not only in the year applied but also for 
several years following its application (2). Much of the nutrients in swine manure are 
tied up in complex organic molecules that must be mineralized before they can be 
used by the crop (15). In the first year following manure application, 50-60% of N, 75-
80% of P, and 85% of K is available (14). The degree of availability to crops of the 
micronutrients from swine manure is not well known (2, 14). Increases in com yields 
from manure application have been commonly reported (8, 16). Crop yield 
enhancement is due not only to increased nutrient availability but also to 
improvements in soil aggregation, soil water-holding capacity, and soil aeration that 
result in greater biological activity in the soil (17, 18). 
Heterodera glycines Ichinohe, the soybean cyst nematode, was reported as 
the pathogen of greatest importance in soybean production, not only in the U.S., but 
also in the major soyt)ean-producing areas throughout the worid (6, 23). Heterodera 
glycines has been found in 90 of the 99 counties of Iowa (personal communication, 
G. L. Tylka). Results of a random survey of the prevalence of major soybean 
diseases in the midwest in the mid 1990's indicated that 76% of Iowa soybean fields 
are infested with H. glycines (21). 
Com, a nonhost of H. glycines, is recommended as a rotational crop for 
managing H. glycines between soybean crops (22). Because of the widespread 
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distribution of H. glycines in Iowa, it is likely that com fields in Iowa that are infested 
with the nematode will be treated with swine manure. 
Ai-Rehiayani (1) reported that swine manure inhibited egg hatch of H. glycines 
in short-term laboratory studies. Eggs of H. glycines were inhibited from hatching 
over a 30-day period when the eggs were bathed in solutions of various 
concentrations of swine manure. In contrast, Matsuo et al. (11) reported that dry 
cattle manure mixed with soil increased the number of H. glycines second-stage 
juveniles and the egg hatching rate of H. glycines, even in the absence of growing 
plants, compared to untreated soil with and without the presence of soybean plants. 
If swine manure applied to infested fields during years that a nonhost crop is grown 
inhibits hatching of H. glycines eggs, this common fertilizer could lessen the 
effectiveness of the nonhost management strategy. 
The objective of this work was to determine the effects of swine manure 
applied prior to planting com on soil nematode populations and soybean growth and 
yield in a com-soyt)ean rotation. 
Materials and Methods 
General information. Two corn-soybean rotation experiments were conducted at 
the Iowa State University research farms. Experiment 1 was conducted at the Burkey 
Research Farm near Ames on a Coland clay loam soil in 1997 and 1998. Experiment 
2 was conducted at the Bruner Research Farm near Ames on a Harps loam soil in 
1998 and 1999. A H. glycines-suscepWble soybean variety was grown the year 
preceding the start of each experiment. 
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Soil preparation prior to planting was similar for the two fields during the first 
year of each experiment. Fields were tilled in the spring of the first year with a field 
cultivator to a depth of 10 to 15 cm, then lightly disked to level the soil surface. Field 
plots were 3 m wide by 7.5 m long. A cultivator was equipped with shovels to dig four 
trenches spaced 76 cm apart. Trenches were about 7.5 cm deep and 17.5 cm wide, 
the length of each plot. 
Liquid swine manure from a finishing house subfloor pit was applied in the 
trenches in a 25 cm band at a total acre rate of 56 m^/ha. A sample was taken from 
the swine manure at the time of application and analyzed within 24 hours using the 
Association of Official Analytical Chemists procedures (7) for total N and available N 
using Kjeldahl, and ammoniacal N using Kjeldahl without digestion (method 955.04), 
for P using spectrophotometry (method 958.01); for K using flame ionization (method 
971.01); and for total moisture by drying (method 930.15). A blended granular 
inorganic fertilizer was applied at a rate with a N, P as P2O5, and K as K2O content 
equivalent to the estimated NPK available from the swine manure the first year, prior 
to planting field com. Two untreated control treatments were included in the 
experiment. One control was planted to com and one left fallow the first year. Both 
controls received the same tillage regime as the swine-manure- and inorganic-
fertilizer-treated plots. 
Liquid swine manure was manually placed into the trenches on April 20, 1997, 
in experiment 1 and on May 26, 1998, in experiment 2. The swine manure applied in 
experiment 1 contained 98% (wt/v) moisture, 0.20% (wt/v) ammoniacal N, 4.2 kg/m^ 
of total N, 2.7 kg/m^ of P, and 4.5 kg/m^ of K estimated available in the first year. 
Swine manure applied in experiment 2 contained 95% (wt/v) moisture, 0.45% (wt/v) 
ammoniacal N, 8.1 kg/m^ of total N, 9.9 kg/m^ of P, and 7.5 kg/m^ of K estimated 
available in the first year. The liquid swine manure was allowed to dry overnight. A 
25-cm-wide band centered over the trench was thoroughly mixed using a rototiller to 
a depth of about 10 cm. The NPK inorganic fertilizer was uniformly applied in the 
trench and incorporated in the same manner as with the swine manure. 
Plots consisted of four rows of hybrid com (Zea mays L.). DeKalb hybrid 
'DK580', planted 15 days after manure application the first year in experiment 1, May 
5. 1997, and seven days after manure application the first year in experiment 2, June 
2, 1998. Com was planted at 76,600 seeds/ha with a John Deere Maxi-Merge four-
row planter into the center of the rototilled band in all plots except the untreated, 
fallow check. A preemergence herbicide pre-mix of flumetsulam at 0.07 kg a.i./ha + 
metaloclor at 2.61 kg a.i./ha was applied the first year to all plots in experiment 1 on 
May 7, 1997, and in experiment 2 on June 5, 1999. A single postemergence 
herbicide treatment of sethoxydim at 0.21 kg a.i./ha + crop oil concentrate at 1.17 
Uha was applied four weeks after planting to control grassy weeds in both 
experiments. Additional weeds were removed periodically by hand weeding. 
Soybeans were grown in all plots the second year of both experiments. The 
second year of each experiment, a bumdown herbicide tank mix of (2,4-
dichlorophenoxy)acetic acid at 1.12 kg a.i./ha + glyphosate at 1.125 kg a.i./ha + crop 
oil concentrate at 1.17 L/ha was applied to kill existing vegetation seven days before 
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no-till planting of soybeans in both experiments. A H. g/yc/nes-susceptible soybean 
variety, '6SR 101', was planted at 370,500 seeds/ha with a John Deere Maxi-Merge 
four-row planter with no-till cx3ulter attachments. Soybean seeds were treated with a 
fungicide mix of pentachloronitrobenzene (PCNB) at 12.4 g a.i. captan at 0.22 g a.i. 
+ thiabendazole at 0.0027 g a.i./ 45.4 kg of seed and with metalaxyl at 0.021 g 
a.i./45.4 kg of seed. 
Soybean seeds were planted directly over the previous year's com row in 
experiment 1 in 1998 and planted 5 cm to the side of the com row in experiment 2 in 
1999. After planting, a preemergence herbicide treatment of flumetsulam at 0.07 kg 
a.i./ha + metaloclor at 2.61 kg a.i./ha was applied. A single postemergence herbicide 
treatment of sethoxydim at 0.21 kg a.i./ha + crop oil concentrate at 1.17 L/ha was 
applied to control grassy weeds four weeks after planting. Plots were maintained 
weed free by periodically hand weeding during the growing season. 
Crop measurements. In the first year of each experiment, corn plant population 
densities were assessed in an arbitrarily selected one meter of row in each of the two 
center rows of each plot. The com grain was removed at harvest, but yields were not 
recorded. 
In the second year of each experiment, soytsean plant population densities 
were assessed one month after planting in a manner similar to com. The height of 
eight arbitrarily chosen soybean plants in each plot was determined, four plants from 
each of the center two rows. Soybean heights were determined twice in experiment 
1, on July 16 and September 24, 1998, and once in experiment 2 on September 21, 
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1999. The two center rows in each soybean plot were trimmed to 5.5 m prior to 
harvest and were harvested with a two-row ALMACO plot combine in experiment 1 
on October 9, 1998, and in experiment 2 on September 22, 1999. The grain was 
weighed, and the percent moisture content of two separate samples of grain for each 
plot was determined using a Dole 400 Grain Moisture Tester (Eaton Corp., Carol 
Stream, IL). The two moisture values were averaged, and the soybean yields were 
adjusted to and reported at 13% moisture. 
Determination of nematode population densities. The nematode population 
densities were determined three times during both the com year and the soytsean 
year; prior to planting and nutrient application, at mid season, and at harvest. A soil 
sample consisting of 10 2.5-cm-diameter soil cores 15 to 20 cm deep was taken 
from each plot; 5 cores were taken from arbitrarily selected locations on either side of 
each of the two center soybean rows. Eariy season samples were collected prior to 
the application of swine manure and crop planting in experiment 1 on April 21, 1997, 
and May 11. 1998, and in experiment 2 on May 11, 1998, and May 21, 1999. Mid-
season soil samples were collected in experiment 1 on July 7, 1997, and July 8, 
1998, and in experiment 2 on July 24. 1998, and July 13, 1999. The harvest soil 
samples were collected in experiment 1 on Octot)er 23. 1997, and November 5, 
1998, and in experiment 2 on November 13, 1998, and September 22, 1999. 
Soil samples collected from the plots were stored at 4°C until processed. 
Heterodera glycines cysts were collected from a 100 cm^ sub sample of soil on a 
250-|im-pore sieve via elutriation (4). The cysts were crushed with a stainless steel 
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pestle to release the eggs, and the eggs were washed over a TS-^m-pore sieve 
nested in a 25-^m-pore sieve to separate soil particles and H. glycines eggs (12). 
Eggs were stained by heating in a microwave with acid fuchsin (12) and then 
counted. Nematodes in the soil sample also were collected on a 25-fam-pore sieve 
during elutriation (4). The nematodes and soil from elutriation were centrifuged in tap 
water for 5 min. at 220 x g^ The pellet was resuspended in a 1.362 kg/L sucrose 
solution and centrifuged for 3.0 min. at 220 x g (9). The supernatant containing the 
nematodes was decanted and the nematodes were counted. 
The numbers of second-stage juvenile (J2) of H. glycines, Helicotylenchus 
sp., other stylet-bearing nematodes, and non-stylet-bearing nematodes were 
determined. Nematode counts were combined to calculate population densities of all 
stylet-bearing nematodes and total nematodes. 
Statistical analysis. A randomized complete block design was used in both 
experiments. Experiment 1 had 8 replications, and experiment 2 had 20 replications. 
Crop variables and nematode population densities for each year were analyzed using 
analysis of variance (ANOVA). Fisher's least-significant-difference (LSD) test was 
used to compare treatment means when a significant (P< 0.05) difference among 
treatment means was detected by ANOVA. Differences are reported at the P=0.05 
level of significance unless otherwise specified. 
Results 
Crop measurements. Com plant population densities in experiment 1 and in 
experiment 2 were not affected by the application of nutrients when compared with 
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the untreated, planted check (data not shown). In experiment 1, soyt>ean plant 
population densities and plant heights were greater (P<0.05) in plots that were fallow 
in the com year than where com was grown, regardless of whether swine manure or 
inorganic fertilizer was applied (Table 1). However, the opposite was true in 
experiment 2; soyt)ean plant population densities and heights were less in plots that 
were fallow in the com year compared to the other three treatments. Soybean plant 
population densities and plant heights were not significantly different among 
treatments planted to com, regardless of the nutrients applied or not applied in the 
com year (Table 1). 
Soybean grain moisture at harvest was not different for all treatments in both 
experiments (data not shown). Soybean yield in experiment 1 was greater (P<0.05) 
when swine manure was applied in the com year than with any other treatment. In 
experiment 2, soytiean yields were not different where swine manure and inorganic 
fertilizer were applied in the com year, but both were greater (P<0.05) than the two 
untreated checks. Soybeans planted into fallow soil had the lowest yield of any 
treatment in experiment 2. 
Nematode population densities. Heterodera glycines egg population densities 
prior to applying the nutrient treatments the com year in experiment 1 ranged from 
6,800 to 33,300 eggs/100 cm^of soil for individual plots. Although nonsignificant, the 
greater egg population densities for the plots treated with manure remained through 
the mid-season sampling (Fig. 1A). After com harvest, the average of 6,725 
eggs/100 cm^ in soil treated with manure was greater than 4,088 eggs/100 cm^ for 
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the fallowed control. Mid-season egg population densities in the com year in 
experiment 1 ranged from 3,925 to 9,319 eggs/100 cm^. which reflected on average 
a 64% decline from the H. glycines egg population densities that existed prior to 
nutrient application in the spring. Egg population densities for the various treatments 
were not different at the mid-season sampling date, nine weeks after planting com. 
In the soybean year of experiment 1, H. glycines egg population densities for 
all treatments were not different at the eariy and mid-season sampling dates (Fig. 
1 A). At the harvest sampling, egg population densities were greater (P<0.05) where 
the soil had been fallow in the com year than where inorganic fertilizer was applied. 
Egg population densities where swine manure had been applied in the com year 
were not different from the untreated controls. 
Heterodera glycines egg densities in the com year of experiment 2 averaged 
8,797 eggs/100 cm^ of soil, ranging from 8,270 to 10,170 eggs/100 cm' at the 
sampling made prior to application of treatments (Fig. IB). Densities averaged 4,530 
eggs/100 cm' of soil, ranging from 4,380 to 4,700 eggs/100 cm', at the mid-season 
sampling, and averaged 4,279 eggs/100 cm' of soil, ranging from 4,080 to 4,765 
eggs/100 cm', at com harvest. Egg population densities did not differ among the 
treatments at all three sampling dates in the com year and at the eariy and mid-
season sampling dates in the soybean year. After soybean harvest, egg population 
densities were greater (P<0.05) in the untreated control that had been planted to 
corn than in the control remaining fallow in the com year. 
36 
The changes in H. glycines egg population densities during the com year of 
experiment 1 did not differ among treatments (Table 2). The final egg population 
densities (Pf) after com harvest averaged 31% of the initial early season population 
densities (Pi). In the soyt)ean year of experiment 1, final egg population densities 
averaged 1.64 times greater than egg population densities present before planting 
soybeans. Increases in egg population densities in the soybean year were not 
different among treatments made in the com year. Egg population densities over the 
two years of the study in experiment 1 were reduced (P<0.05) more when inorganic 
fertilizer was applied in the com year than in the fallow control. After soyt>ean harvest 
in experiment 1, egg population densities averaged 40% of the egg population 
densities present prior to planting com. 
In the com year of experiment 2, the proportion of eggs remaining at harvest 
was greater (P<0.05) in the untreated, unplanted control and where inorganic 
fertilizer was applied than where swine manure was applied. During the soybean 
year In experiment 2, egg densities increased (P<0.05) more in the untreated, 
planted control than in the untreated, fallowed control. Egg population densities were 
reduced (P<0.05) less in the untreated, planted control than in the untreated, 
unplanted control in experiment 2 over the two years of the study. 
Throughout the entire two-year study in both experiments, the H. glycines J2 
population densities never differed between plots treated with swine manure or 
inorganic fertilizer nor t)etween plots treated with swine manure and the untreated 
control plots planted to com in the com year (Tables 3 and 4). 
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Helicotylenchus sp. population densities differed (P<0.05) between the swine-
manure-treated plots and the planted control plots only at han/est the com year in 
experiment 1, when there were fewer (P<0.05) Helicotylenchus sp. in plots treated 
with swine manure than where no swine manure was applied (Table 3). There were 
fewer (P<0.05) Helicotylenchus sp. in plots treated with inorganic fertilizer than in 
plots treated with swine manure or the untreated control at the mid-season sampling 
in the com year in experiment 2 (Table 4). After harvest in the com year of 
experiment 1, there were fewer (P<0.05) Helicotylencus sp. in the swine-manure-
treated plots than in the inorganic-fertilizer-treated plots and the planted control. At 
harvest in the soybean year of experiment 1, again there were fewer (P<0.05) 
Helicotylenchus sp. in the swine-manure-treated plots than in the inorganic fertilizer 
plots. Helicotylenchus sp. were fewer (P<0.05) in the fallowed control in the com 
year and throughout the soybean year. 
Other stylet-bearing nematodes were greater (P<0.05) in numt)er in the swine-
manure-treated soil than in the nontreated, planted control the com year in 
experiment 2, with the differences significant at mid season and at harvest (Table 4). 
This effect was not observed in experiment 1 (Table 3). 
Non-stylet-t)earing nematode population densities were greater (P<0.05) in 
the manure-treated soil than in any of the soils at the mid-season sampling in the 
corn year in experiment 2 (Table 4). The higher (P<0.05) population densities in 
swine-manure-treated soil continued through harvest when compared to the two 
controls, but not with the inorganic fertilizer treatment. The same trend was present 
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at mid season in the com year of experiment 1, but was significant (P<0.05) only 
when compared with the untreated, fallow control. The trend continued through the 
soybean year, though not significant at mid season the soytiean year. 
The population densities of total stylet-t^earing nematodes and of total 
nematodes in the soil were not affected by swine manure applications. In experiment 
1, inorganic fertilizer application before planting corn was associated with an 
increase in the nematode population densities at harvest in the soybean year. 
Population densities of Helicotylenchus sp.. other stylet-bearing nematodes, non-
stylet-bearing nematodes, and total stylet-bearing nematodes were greater (P<0.05) 
at the harvest sampling time for the inorganic fertilizer treatment than for some or all 
the other treatments. These higher population densities with inorganic fertilizer did 
not occur at the eariy season and mid-season samplings in experiment 1 and at all 
three samplings in experiment 2. 
Discussion 
Soybean yields at both locations were greater when swine manure had been 
applied in the spring of the com year than in the untreated control plots. Increased 
yields the year after application of swine manure probably were due to the additional 
nutrients supplied by the manure and the stimulation of nutrient cycling from 
enhanced microbial growth in the soil as suggested by Sutton et al. (17). 
Heterodera glycines egg population densities at all three sampling dates in the 
com year in both experiments were the same where swine manure and inorganic 
fertilizer were applied and in the untreated, planted control. Thus, swine manure 
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likely did not inhibit egg hatch in the soil as reported by Al-Rehiayani (1) in latxsratory 
hatch studies. The results for our two field experiments were similar even though 
environments were quite different. Experiment 1 received a total of 13.8 cm of 
precipitation the first year from the time of nutrient treatment in May until eariy July. 
Experiment 2 received 39.4 cm during the same period the first year. The 11-year 
average normal rainfall for both locations is 26.0 cm for the same period. 
Egg population densities of H. glycines in the soybean year of both 
experiments were similar where swine manure and inorganic fertilizer had been 
applied in the com year and in the untreated check. 
Heterodera glycines egg population densities dropped substantially during the 
first year when field com was planted. One year of com, a non-host crop, has been 
reported to reduce H. glycines egg population densities in the soil (22). Most of the 
decrease in egg population densities occurred prior to the eariy July, mid-season, 
sampling date. Egg population densities decreased on average 64% in the com year 
for all treatments in experiment 1, leaving an average egg population density of more 
than 5,000 eggs/100 cm^ of soil at harvest. In the com year of experiment 2, the egg 
population densities at harvest were reduced on average to 48% of the eariy season 
egg population densities, leaving on average 4,500 eggs/100 cm^ of soil. Although 
the eariy season egg densities the com year in experiment 1 were neariy double the 
eariy season egg population densities the com year in experiment 2, egg population 
densities at harvest for the two experiments were similar. This result suggests that 
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the effectiveness of a one-year rotation to com in reducing H. glycines egg 
population densities may not depend solely on the initial egg densities in the field. 
One year without a suitable host crop, as in the fallow plots, reduced 
Helicotylenchus sp. populations until the harvest of the second year. Helicotylenchus 
sp. population densities at harvest the first season in com were reduced by swine 
manure application and in the untreated, fallow control in both experiments, 
compared to the other treatments. At mid-season, Helicotylenchus sp. population 
densities were reduced by swine manure and inorganic fertilizer application in 
experiment 2 compared to the other treatments. Helicotylenchus sp. population 
densities in the untreated, unplanted check did not retum to the population density 
level of the untreated, planted check at either location in the second year of the 
rotation in soybeans. 
The effects of the various treatments on population densities of the non-stylet 
bearing nematodes, the total stylet-bearing nematodes, and the total nematodes 
(non-stylet-bearing + total stylet-ljearing) were the same at both locations. Population 
densities of the non-stylet bearing nematodes, the total stylet-bearing nematodes, 
and the total nematodes were significantly lower both years at each location where 
no crop had been planted and no nutrient had been applied the first year than in the 
other treatments, treated with nutrients and/or planted. Depressed population 
densities of the nematodes did not recover in the second year of the rotations when 
soybeans were planted compared to the other treatments. 
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Total stylet-bearing nematode population densities in the soil during both 
years of the study in experiment 1 were greater where swine manure had been 
applied compared to the other treatments. This result does not agree with Conn and 
Lazarovits (5), who reported that lesion (Pratylenchus), pin (Paratylenchus), and 
root-knot {Meloidogyne) nematode population densities in a potato field were 
reduced 30-50% by swine manure amendment when compared to the untreated 
control. In their study, population densities of the three nematodes remained lower 
where swine manure was applied than in the untreated check for two years. A 
possible explanation for the discrepancy between our results and theirs may be due 
to a different spectrum of nematode species in the soil. We did not observe 
Meloidogyne or Paratylenchus. Rather, the majority of the stylet-bearing nematodes 
in our experiments were the soybean cyst (Heterodera glycines), spiral 
{Helicotylenchus sp.), lesion {Pratylenchus), lance (Hoplolaimus), and Tylenchus 
nematodes. The total stylet-l)earing nematode population densities in experiment 2 
were greater where corn had been planted the first year than where no com had 
been planted regardless of the nutrient treatment. 
Total nematode densities were greater at both locations where either swine 
manure or inorganic fertilizer had been applied than where no nutrient was applied. 
Total non-stylet bearing nematode population densities were greater in both 
experiments where swine manure had been applied and in the second year of the 
rotation where inorganic fertilizer had been applied than in the untreated controls. 
This result agrees with Bulluck et al. (3) who reported that swine manure application 
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in a tomato field increased bacterivorous and fungivorous nematode population 
densities in the soil compared to the untreated plots. 
In summary, swine manure applied in com did not influence Heterodera 
glycines nematode densities in the soil under a com-soyt}ean rotation. Soil 
population densities of stylet-tsearing nematodes, non-stylet bearing nematodes, and 
the total population of nematodes were increased over the two years of the crop 
rotation by swine manure application when compared to the untreated controls. The 
increased population densities probably were attributable to increased nutrients for 
crop growth from the swine manure and by the increase in nutrient cycling in the soil 
stimulated by the swine manure's effect on microbial growth in the soil. 
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Table 1 . Effects of nutrient treatments applied prior to planting of com in year 1 on 
soybean plant population density (seedlings/m), plant height (cm), and yield (kg/ha) 
in year 2 of experiments conducted in fields infested with Heterodera glycines'^. 
Soybean Soybean Soybean 
population plant height, plant height Soybean 
Year 1 treatment density*" eariy season'' at harvest*' yield* 
Exoeriment 1 
Untreated, planted 27.1 55.1 86.6 3.473 
Untreated, fallow 28.4 62.9 90.5 3,441 
Swine manure 26.4 53.7 84.6 3,919 
Inorganic fertilizer 26.6 53.8 86.4 3,511 
LSD (a= 0.05) 1.3 2.7 4.0 331 
Exoeriment 2 
Untreated, planted 24.6 t 75.8 3,003 
Untreated, fallow 21.6 - 72-3 2,312 
Swine manure 23.8 - 76.1 3,375 
Inorganic fertilizer 23.8 - 74.4 3,314 
LSD (a= 0.05) 1.6 - 2.0 178 
^ Data are means of 8 replicates for experiment 1 and 20 replicates for 
experiment 2. 
^ Soybean population density 30 days after planting. 
"On July  16 .  
On Septemt)er 24 for experiment 1, and on Septemljer 21 for experiment 2. 
® Adjusted to 13% moisture. 
' Not measured. 
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Table 2. Effects of nutrient treatnnents applied prior to planting of com in year 1 on 
changes in Heterodera glycines egg population densities, as a ratio of the final egg 
density to the initial egg density (Pf /Pi) for year 1 in com, year 2 in soybeans, and 
over both years. Egg population densities for first sampling in Year 1 and first 
sampling sampling in year 2*. 
Pi° Pf/Pi 
Year 1 treatment Year 1 Year 2 Year 1^ Year 2" Years 1 and 2' 
Exoeriment 1 
Untreated, planted 16,850 4,500 0.25 1.93 0.36 
Untreated, fallow 15,838 6,063 0.29 1.77 0.59 
Swine manure 18,088 4,113 0.36 1.66 0.36 
inorganic fertilizer 15,506 4,688 0.34 1.21 0.29 
LSD (a= 0.05) ns ns ns ns 0.30 
Exoeriment 2 
Untreated, planted 8,465 3,350 0.55 1.75 0.54 
Untreated, fallow 8,285 4,030 0.69 0.63 0.28 
Swine manure 10,170 3,782 0.44 1.09 0.33 
Inorganic fertilizer 8,270 3,010 0.72 1.25 0.45 
LSD (a= 0.05) ns ns 0.24 0.72 0.23 
^ Data are means of 8 replicates for experiment 1 and 20 replicates for 
experiment 2. 
^ Initial H. glycines egg population densities in eggs/1 OOcm^. 
Ratio for year 1 when planted to com 
Ratio for year 2 when planted to soybeans 
® Ratio across both years 1 and 2. 
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Table 3. Effects of nutrient treatments applied prior to planting of com in year 1 on 
soil population densities (per 100 cm^) of various nematode groups during a two-year 
com, soybean rotation in experiment 1* . 
Population density at sampling time 
Com year Soybean year 
Nematode orouoino 
Year 1 treatment 
Pre-
treatment Mid season Harvest Early Mid season Harvest 
H.alvcines. J2 " 
Untreated, planted 05 19 62 71 231 42 
Untreated, fallow 66 32 32 62 197 69 
Swine manure 80 31 55 57 154 55 
inorganic fertilizer 67 29 76 72 172 96 
LSD (a= 0.05) ns ns 42 ns ns 54 
Helicotvlenchus so. 
Untreated, planted 44 19 90 30 34 47 
Untreated, fallow 20 7 29 7 15 30 
Swine manure 26 10 32 39 30 37 
Inorganic fertilizer 21 21 65 62 21 140 
LSD (a= 0.05) ns ns 32 40 ns 103 
Other stvtet-bearina nematodes 
Untreated, planted 44 66 190 89 256 260 
Untreated, fallow 32 71 109 84 177 201 
Swine manure 62 89 136 106 289 244 
Inorganic fertilizer 37 77 215 105 207 405 
LSD (a = 0.05) 25 ns 90 ns ns 130 
Non-stvlet-bearina nematodes 
Untreated, planted 171 37 160 61 112 280 
Untreated, fallow 141 33 100 53 92 224 
Swine manure 184 82 145 59 184 302 
Inorganic fertilizer 117 41 155 59 111 512 
LSD (a = 0.05) ns 48 ns ns ns 202 
Total stvlet-bearina nematodes 
Untreated, planted 172 104 342 190 521 350 
Untreated, fallow 119 111 170 154 390 300 
Swine manure 169 130 224 202 472 336 
Inorganic fertilizer 126 127 356 240 401 641 
LSD (a= 0.05) 51 ns 129 ns ns 191 
Total nematodes 
Untreated, planted 344 141 502 251 633 630 
Untreated, fallow 260 145 270 207 482 524 
Swine manure 352 212 369 261 656 638 
Inorganic fertilizer 244 169 511 299 512 1153 
LSD (a=0.05) ns ns 196 ns ns 346 
® Data means are of 8 replicates. 
'' J2 are the second-stage juveniles of H. glycines. 
50 
Table 4. Effects of nutrient treatments applied prior to planting of com in year 1 on 
soil population densities (per 100 cm^) of various nematode groups during a two-year 
com, soybean rotation in experiment 2* 
Population density at samoling time 
Com year Soybean year 
Nematode arouoina 
Year 1 treatment 
Pre-
treatment Mid season Harvest Early Mid season Harvest 
b 
Heterodera alvanes. J2 
Untreated, planted 129 29 46 33 74 60 
Untreated, fallow 108 52 49 30 151 45 
Swine manure 104 37 57 39 95 65 
Inorganic fertilizer 90 41 44 43 84 67 
LSD (a= 0.05) 32 22 ns ns 42 ns 
Helicotvlenchus so. 
Untreated, planted 180 99 272 277 141 220 
Untreated, fallow 152 61 53 83 65 110 
Swine manure 131 95 239 275 175 247 
Inorganic fertilizer 137 59 222 255 174 231 
LSD (a= 0.05) ns 32 72 108 42 85 
other stv<et-bearfna nematodes 
Untreated, planted 239 172 178 155 292 235 
Untreated, fallow 247 128 119 103 156 152 
Swine manure 230 240 244 201 355 250 
Inorganic fertilizer 248 204 216 174 344 273 
LSD (a= 0.05) ns 57 61 66 94 75 
Non-stvlet-bearina nematodes 
Untreated, planted 112 119 143 86 127 201 
Untreated, fallow 104 84 101 85 129 197 
Swine manure 91 213 201 79 203 250 
Inorganic fertilizer 100 135 189 109 185 276 
LSD (a= 0.05) ns 45 42 ns 77 ns 
Total stvtet-bearina nematodes 
Untreated, planted 549 301 496 466 507 515 
Untreated, fallow 507 242 222 217 373 308 
Swine manure 465 373 540 516 625 563 
Inorganic fertilizer 476 305 483 472 602 572 
LSD (a = 0.05) ns 81 98 159 141 134 
Total nematodes 
Untreated, planted 661 420 639 553 635 717 
Untreated, fallow 611 326 323 302 502 506 
Swine manure 556 587 741 595 828 813 
Inorganic fertilizer 576 440 673 582 788 848 
LSD (a=0 05) ns 111 123 189 196 191 
Data means are of 8 replicates. 
" J2 are the second-stage juveniles of H. glycines. 
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Figure 1. Effects of nutrient treatments applied prior to planting of 
com in year 1 on Heterodera glycines egg population densities in 
the soil at several times during a two-year com-soyt)ean rotation. 
A) Experiment 1. B) Experiment 2. Error bars are the least 
significant difference (a=0.05). 
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Abstract 
The effects of swine manure application in soyt)eans on Heterodera glycines 
population densities and soybean growth and yield were studied over a three-year 
period in four field experiments conducted near Ames, Iowa. Two nutrient 
treatments, liquid swine manure and an equivalent inorganic fertilizer were applied in 
the soybean row, t}etween the row, and broadcast, and incorporated into the soil 
following application. Soybean population densities, plant height, and yield were 
evaluated. Soil samples were taken from within the row eariy in the spring, at mid 
season, and after harvest to assess the H. glycines egg population densities. Swine 
manure and inorganic fertilizer application reduced soybean population densities in 
three experiments and increased plant heights in four experiments. Manure 
increased or had no effect on soytiean yield when compared to the untreated checks, 
but inorganic fertilizer reduced soybean yield in one experiment. Nutrient placement 
in the row reduced plant population densities in three experiments and plant heights 
in one experiment compared with the untreated checks. Greenhouse experiments 
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were conducted to evaluate the effects of swine manure on changes in soytsean 
plant growth and H. glycines population densities in the soil over a four-month period. 
Soybean root mass was inhibited in swine-manure-amended soil at 1, 2, 3, and 4 
months after treatment when compared to the unamended soil. Shoot mass of 
plants growing in the swine-manure-amended soil was significantly greater at three 
months than in the unamended soil. Egg and cyst population densities in the soil, 
females and cysts on roots, eggs in females and cysts on roots and, eggs from 
females and cysts per g of root were significantly reduced at 2 and 3 months in 
swine-manure-amended soil compared to nonamended soil. 
Introduction 
Iowa was ranked first in swine {Sus scrofa) and soybean {Glycine max (L.) 
Merrl.) production in the U.S. in 1999 (U.S. Department of Agriculture, 2000). Neariy 
18% of the farmers in Iowa produce swine as well as com (Zea mays L.) and 
soybeans (U.S. Department of Commerce, 1997). Swine production in Iowa has 
become highly concentrated in confinement-style production facilities, where large 
volumes of swine wastes are collected with water and stored in pits beneath the 
animals or in separate containers or lagoons. Traditionally, swine manure has been 
considered by farmers as an important source of nutrients for crop production and 
has been an effective means of supplying nitrogen, phosphorus, potassium, and 
other major and minor elements for com growth (Tisdale et al., 1985). Crop yield 
enhancement with manures compared to inorganic fertilizers was reported to be due 
to increased nutrient availability, improved soil aggregation, improved soil-water 
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holding characteristics, and improved soil aerobic conditions leading to better 
biological activity in the soil (Huber et al., 1993; Sutton et al., 1982; Sutton et al., 
1996; Tisdale et al., 1985). 
The frequency of swine manure application to soybean fields is increasing 
because the large volume of animal waste from confinement facilities exceeds the 
nearby corn acreage to which the manure can be safely or legally applied (Jackson 
et al., 2000). A recent survey of swine producers in Iowa reported that about 66% 
apply swine manure to their soybean fields (personal communication, Paul Lasley, 
Iowa State University). Several researchers have reported soyt>ean yield increases 
from swine manure application (DeJong, 1995; Schmidt et al., 1996; Ueda, 1996) 
while others have reported no yield increase (Garcia and Blancaver 1983). Soybeans 
also can be adversely affected by swine manure application. Swine manure can be 
phytotoxic to soybeans from the high salt concentration (Brinton, 1982) and can 
increase root and seedling diseases caused by soil-borne fungal pathogens (Hedrick 
Oeike, 1998). Rhizobial bacteria can be inhibited from fixing nitrogen in soybean 
roots when high concentrations of nitrogen are present in the soil (Schmidt et al., 
1996; Yoshida, 1979). The degree of the negative response observed on soybean 
production from swine manure may depend on the rate applied (Brinton, 1982). 
Heterodera glycines Ichinohe, the soybean cyst nematode, was reported as 
the disease of greatest importance in soybean production, not only in the U.S. but 
also in the major soyt)ean-producing areas throughout the world (Doupnik, 1993; 
Wrather et al., 1997). H. glycines has been found in 90 of the 99 counties of Iowa 
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(personal communication, G. L. Tylka). A random survey of the prevalence of several 
major soybean diseases and pathogens in the midwest in the mid 1990s reported 
that 76% of the fields in Iowa are infested with H. glycines (Workneh et al., 1999). 
Reports of soybean yield losses of 15% from H. glycines have been reported 
(Koenning et al., 1999). Thus, there is a high probability that swine manure will be 
applied to fields infested with H. glycines. 
Animal manure applied as soil amendments in crops have been reported to 
reduce plant-parasitic nematode infection and, thus, increase yields. Poultry manure 
reduced infestations of Meloidogyne arenaria in tomato (Kaplan and Noe, 1993) and 
M. incognita in cotton (Riegel et al., 1996). Morant et al. (1997) reported that poultry 
litter enhanced soybean production and lowered the numbers of H. glycines females 
on the soybean roots. Al-Rehiayani (1992) reported that liquid poultry manure 
inhibited infection of soybean roots by H. glycines in the greenhouse when roots 
were assayed six weeks after planting and manure application. 
Not all animal manure amendments have been reported to reduce plant-
parasitic nematodes. Matsuo et al. (1994) reported that soil amended with dried 
cattle manure under controlled conditions increased the number of H. glycines adult 
females on soybean roots, the number of second-stage juveniles in the soil, and the 
rate of egg hatch when compared to the absence of the amendment. 
Limited information is available on the effect of swine manure on plant-
parasitic nematodes, and the results that have been reported are not consistent. For 
example, Conn and Lazarovits (1999) reported that lesion {Pratylenchus spp.), pin 
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{Paratylenchus spp.), and root-knot {Meloidogyne spp.) nematode population 
densities in a potato field were reduced 30-50% by swine manure when compared to 
the untreated check. The nematode densities remained lower for two years where 
swine manure was applied than in the untreated check. Also. Al-Rehiayani (1992) 
reported that swine manure inhibited the hatch of H. glycines eggs in a laboratory 
hatch study. In contrast, Builuck et al. (1999) reported that swine manure applied to a 
tomato field had no effect on population densities of plant-parasitic nematodes 
(species not reported), but increased bacterivorous and fungivorous nematode 
population densities in the soil. Finally, Ueda (1996) reported that swine manure 
application to soil prior to soybean planting in the spring for four years resulted in H. 
glycines cyst population densities each year that were greater than in the untreated 
check but similar to densities where an inorganic fertilizer treatment was applied. 
Even though H. glycines cyst population densities in the soil were greater where 
swine manure was applied than in the untreated check, soybean yields were greater, 
also. 
Considering the variable effects of manure on plant-parasitic nematodes 
mentioned above, a study was undertaken to better understand the effect of swine 
manure on H. glycines soil population densities. The information is imp)ortant in the 
management of H. glycines because of the increasing necessity to apply swine 
manure to soybeans and the increasing prevalence of H. glycines in fields of the 
midwest. The objectives were to determine the effect of swine manure application 
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timing, rates, and placement on the soil population dynamics of H. glycines in 
soybeans and on the growth and development of soybeans. 
Materials And Methods 
General procedures tor field experiments: Four soybean field experiments 
were conducted at Iowa State University research farms near Ames, Iowa. Soil 
preparation prior to nutrient application and planting was similar for the four fields. 
Each field was tilled in the spring with a field cultivator to a depth of 10 -15 cm, then 
lightly disked to level the soil surface. 
Individual plots were 3 m wide and 7.5 m long. The two nutrient sources used 
in the experiments were liquid swine manure and granular inorganic fertilizer with a 
nitrogen (N), phosphorus (P) as P2O5, and potassium (K) as K2O analysis equivalent 
to the analysis of available NPK in the swine manure as determined by a sample 
taken from the swine manure at the time of application. The swine manure sample 
was analyzed using the Association of Official Analytical Chemists procedures 
(Helrich, 1990) (Minnesota Valley Testing Laboratories, Inc., Nevada. lA). Kjeldahl 
was used to determine total N and available N and Kjeldahl without a digestion step 
was used for ammonia N (method 955.04); spectrophotometry was used for P 
(method 958.01); flame ionization was used for K (method 971.01); and oven drying 
the sample was used for total moisture (method 930.15). Swine manure was applied 
at a rate of 56 m^/ha in all four experiments. An additional swine manure rate of 28 
m^/ha and the comparable inorganic fertilizer treatment were included in experiment 
1 only. 
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The swine manure and inorganic fertilizer were placed in three different 
locations; in the row, between the row, or broadcast over the entire plot. All swine 
manure and fertilizer plots received the same total rate. In the broadcast plots, the 
nutrient sources were uniformly hand applied over the entire plot area while the in-
the-row and between-the-row applications were applied in four 25-cm wide bands. A 
single tool-bar field cultivator was modified with cultivator shovels set to dig trenches 
spaced 76 cm apart, 7.5 cm deep, and 17.5 cm wide in each plot. Trenches were 
dug either where the soybeans were to be planted (referred to hereafter as in the 
row) or between the row. No trenches were dug in the broadcast plots. Trenches 
were dug in a similar manner in the corresponding in-the-row and between-the-row, 
non-manure control plots. 
Liquid swine manure from a finishing hog confinement building was manually 
placed into the trenches or on the soil surface, depending on the treatment. The 
manure was allowed to dry overnight. A 25-cm-wide band centered over the trench 
was thoroughly mixed using a rototiller to a depth of 7.5 to 10 cm. The entire plot with 
the broadcast treatments was rototilled to the same depth. The NPK inorganic 
fertilizer was uniformly applied in the trench or broadcast over the entire plot and 
then incorporated in the same manner as with swine manure. Plots were rototilled in 
a similar manner in the corresponding in-the-row, t)etween-the-row, and broadcast, 
untreated checks. 
A H. g/yc/nes-susceptible soybean, cv. BSR 101, was planted at 419,900 
seeds/ha in all plots with a John Oeere Maxi-Merge four-row planter. Soybean seeds 
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were planted in the predetermined in-the-row location in each plot. Soybean seeds 
were treated with a commercially formulated fungicide mix of pentachloronitro-
benzene (PCNB) at 12.4 g a.i. captan at 0.22 g a.i. thiabendazole at 0.0027 g 
a.i./ 45.4 kg of seed and with metalaxyl at 0.021 g a.i./ 45.4 kg of seed. 
After planting, a preemergence herbicide treatment of flumetsulam at 0.07 kg 
a.i./ha and metaloclor at 2.61 kg a.i./ ha was applied. A postemergence herbicide 
treatment of sethoxydim at 0.21 kg a.i./ ha + crop oil concentrate at 1.17 liter/ ha was 
applied four weeks after planting to control grassy weeds. The plots were maintained 
weed free throughout the season by hand weeding. 
Soybean plant population densities were assessed in an arbitrarily selected 
one meter of row in each of the two center rows. Heights of eight arbitrarily chosen 
soybean plants in each plot, four plants from each of the center two rows, were 
measured. The date that plant population densities and plant heights were assessed 
differed among the experiments as discussed later. Prior to harvest, the two center 
soybean rows in each plot were trimmed to 5.5 m, and the rows were harvested with 
a two-row ALMACO plot combine. The grain was weighed, and the percent moisture 
content of two separate samples of grain for each plot was determined using a Dole 
400 Grain Moisture Tester (Eaton Corp., Carol Stream, IL). The moisture 
assessments were averaged. Soybean yields were adjusted to and reported at 13% 
moisture. 
Composite soil samples were taken prior to nutrient application and planting, 
during the season, and at harvest. Each sample consisted of 10 2.5-cm-diameter soil 
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cores taken 15 to 20 cm deep; 5 cores were taken from arbitrarily selected locations 
on either side of each of the two center soybean rows. Soil samples were stored at 
4°C until processed to determine nematode population densities in 100 cm^ of soil. 
H. glycines cysts were collected on 250-^m-pore sieve as the soil samples 
were processed using elutriation (Byrd et al., 1976). The cysts were crushed to 
release eggs (Niblack et al., 1993), and the eggs were washed through a 75-^m-pore 
sieve nested above a 25-^m-pore sieve to separate soil particles and H. glycines 
eggs. Eggs were stained with an acid fuchsin solution heated in a microwave and 
then counted (Niblack et al., 1993). 
Crop variables and nematode population densities were analyzed using 
analysis of variance (ANOVA). Each experiment was analyzed separately. Fisher's 
least-significant-difference (LSD) test was used to compare treatment means when a 
significant difference among means was detected by ANOVA. The P=0.05 level of 
significance was used to compare means unless otherwise specified. 
The experimental designs and various other details differed among the 
experiments. 
Field experiment 1: Experiment 1 was on a Canisteo silty clay loam soil in 
1996. The whole-plot treatment was time of nutrient application with two times 
evaluated. Swine manure at the rates of 23 and 56 m^/ha were applied at the eariy 
timing, on April 22, and at the late timing, on June 3. Swine manure applied April 22 
contained 96% (wt/v) moisture, 0.36% (wt/v) ammoniacal N, 2.52 kg/ m^ of total N, 
2.64 kg/ m^ of P, and 2.40 kg/ m' of K available in the first year. Swine manure 
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applied June 3 contained 98% (wt/v) moisture, 0.33% (wt/v) ammoniacal N, 2.04 
kg/m^ of total N, 1.44 kg/m' of P, and 2.40 kg/ of K available in the first year. The 
corresponding inorganic fertilizer treatments were applied on May 6 and June 7. 
Soybeans were planted on June 10, six days after the last application of swine 
manure. Chelated iron (Sequestrene 138, Becker-Underwood Inc., Ames, lA) was 
applied at 2.8 kg/ha on July 3, when symptoms of iron chlorosis appeared, and again 
on July 16. 
Soybean population densities were determined on July 1. Plant heights were 
assessed on July 23 and again on September 19. Soyt}eans were harvested on 
October 3. 
The H. glycines population densities were determined nine times during the 
season: on April 19, prior to planting and nutrient application; on May 21 and June 3, 
after manure application but prior to planting; on June 27, July 8, July 23, August 30 
and September 19, during the growing season; and soon after harvest on October 
10. 
The experimental design was a split split plot with a complete factorial 
arrangement of treatments. Time of nutrient application was the whole plot, nutrient 
placement was the sub plot, and nutrient was the sub sub plot. There were four 
replications of each treatment. 
Field experiment 2: Experiment 2 was on a Coland loam soil in 1997. Swine 
manure treatments of 56 m^/ha were applied once on April 29. Swine manure 
contained 98% (wt/v) moisture, 0.20% (wt/v) ammoniacal N, 1.68 kg/m' of total N, 
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1.08 kg/m^ of P, and 1.80 kg/m^ of K available in the first year. The corresponding 
inorganic fertilizer treatments were applied May 13. Soyt>eans were planted on May 
14. Chelated Iron (Sequestrene 138, Becker-Undenyood, Inc., Ames, lA) was applied 
at 2.8 kg/ha on June 18, when symptoms of iron chlorosis appeared, and again on 
July 29. 
Soybean population densities were measured on June 18. Plant heights were 
measured and then harvested on September 25. 
The nematode soil population densities were determined six times during the 
season: once prior to planting and nutrient application, on April 21; four times during 
the growing season, on May 20, June 3, July 7, and August 6; and immediately prior 
to harvest, on September 16. 
The experimental design was a randomized complete block with 10 
replications. Treatments were arranged as an incomplete factorial. 
Field experiments 3 and 4: Experiment 3 was conducted on a Nicollet-Clarion 
loam soil in 1998 and experiment 4 was on a Canisteo silty clay loam in 1998. Swine 
manure was applied at 56 mVha at both experiments on May 26. Swine manure used 
In experiment 3 contained 94% (wt/v) moisture, 0.39% (wt/v) ammoniacal N, 3.12 
kg/m^ of total N, 4.56 kg/m^ of P, and 3.24 kg/m^ of K available in the first year. 
Swine manure used in experiment 4 contained 95% (wt/v) moisture, 0.37% (wt/v) 
ammoniacal N, 3.24 kg/m^ of total N, 3.96 kg/m^ of P, and 3.00 kg/m' of K available 
in the first year. The corresponding inorganic fertilizer treatments were applied at 
both locations on June 1. Soybeans were planted at both locations on June 2. 
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Soybean plant population densities were assessed at both locations on July 1. 
Soybean plant heights were determined at both locations on July 27 and on 
September 24. Soybeans were harvested in experiment 3 on September 29 and in 
experiment 4 on October 10. 
Soil samples were collected three times at each location to determine H. 
glycines egg soil population densities. Soil samples were collected on May 11, prior 
to swine manure application and crop planting, and at mid season on July 27. Soil 
samples also were collected at the end of the season, on October 1 for experiment 3 
and on November 5 for experiment 4. 
Experiment 3 had 7 replications and experiment 4 had 12 replications. The 
design of both experiments was a randomized complete block with a complete 
factorial treatment arrangement. 
Greenhouse experiment An experiment was conducted in the greenhouse to 
assess the effect of swine manure on soyt)eans and H. glycines population densities 
in soil over a four-month period. A clay loam soil collected in the fall after harvest 
from a H. glycines-infesXed soybean field was mechanically shredded with a Lindig 
KM 10 soil shredder (Lindig Manufacturing Co., Inc., St. Paul, MN) and thoroughly 
mixed. The soil was reduced to a uniform particle size by passing through a 6-mm-
mesh screen. Half of the soil was stored at 25®C until the experiment was repeated 
two weeks later. 
The screened soil was separated into four equal piles, one for each 
replication. A sample was taken from each pile and stored at 4°C until processed to 
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determine the initial H. glycines f)opulation densities. The remaining soil was 
measured into 2.5- and 5-liter portions. Each portion was placed on a plastic sheet 
and the following nutrient treatments were thoroughly mixed into the soil. Whole 
liquid swine manure from a finishing house was mixed with the soil at 0.2 L/kg (air-
dry weight of soil), a concentration comparable to that used in the banded application 
of 56 m^/ha in the field experiments. A representative sample of the swine manure 
was analyzed for nutrient content (Minnesota Valley Testing Laboratories, Inc., 
Nevada, lA). The swine manure contained 98.5% (wt/v) moisture, 0.37% (wt/v) 
ammoniacal N, 4.08 kg/m' of total N, 0.96 kg/m' of P, and 3.12 kg/m^ of K available 
in the first year. Inorganic fertilizer with a NPK analysis equal to the available NPK of 
the swine manure and tap water equal to the volume of swine manure used in the 
first treatment was mixed with soil as the second treatment. The untreated check 
was soil mixed with a volume of tap water equal to the swine manure used in the first 
treatment with no additional organic or inorganic nutrients. 
The 2.5- and 5-liter portions of treated soil were placed in 24 3-liter and 24 6-
liter plastic pots, respectively. Ten seeds of H. g/yc/nes-susceptible soybean, cv. 
Kenwood 94, were planted in each pot. Pots were thinned to three soybean plants 
per pot when the cotyledonary leaves were fully expanded. 
Half of the 3-liter pots were harvested one month after planting and the other 
half, two months after planting. Half the 6-liter pots were harvested three months 
after planting and the other half, four months after planting. 
65 
At each harvest date, the shoots of the three soytiean plants were excised 
from the roots at the soil surface and weighed together. The soybean roots were 
carefully removed from the soil. The roots were washed with a stream of water on a 
850-)im-pore sieve nested over a 250-^m-pore sieve to collect the females and cysts 
from the roots. The cysts were counted, then crushed with a stainless steel pestle 
(Niblack at al., 1993) to release the eggs. The eggs were washed through a 75-tim-
pore sieve nested above a 25-^m-pore sieve to separate eggs from debris. The eggs 
were stained with an acid fuchsin solution and heated in a microwave to fix the dye 
(Niblack et al., 1993) and then counted. After removal of H. glycines females and 
cysts, the plant roots were weighed. The number of females and cysts per g of root 
tissue was determined. 
The soil from each pot was screened to a uniform size through a 6-mm-mesh 
screen and thoroughly mixed. A 100 cm^ sample from each pot was processed as 
described above for the field samples, except that second-stage juveniles (J2) of H. 
glycines also were collected during elutriation. The J2 were separated from soil in a 
1,362 g/L sucrose solution by centrifuging for 3 min. at 220 g_(Jenkins, 1964). 
The experimental design was a complete factorial treatment arrangement with 
each treatment replicated four times. The experiment was repeated once. Results 
from the two experiments were similar, so the data were combined and analyzed 
using ANOVA. Fisher's least-significant-difference (LSD) test was used to compare 
treatment means when a significant difference among means was detected by 
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ANOVA. The P=0.05 level of significance was used to compare means unless 
otherwise specified. 
Results 
Field experiment 1: Results were similar for the two nutrient application 
timings (data not shown), so data from the two application times were combined. 
The data were reanalyzed using eight replications of the nutrient placement. 
Soybean population densities were reduced by the high rate of both swine 
manure and inorganic fertilizer when compared to the untreated control, averaged 
over nutrient placement. Also, soybean population densities were reduced by 
placement in the row when compared to placement between the row, averaged over 
nutrient type (Table 1). There was an interaction l)etween nutrient placement and 
nutrient type apparently due to a reduced soyt)ean p)opulation density with an 
increasing rate of inorganic fertilizer applied in the row. Population densities were 
similarly decreased with an increasing rate of swine manure. 
Soybean plant heights were similar among treatments when measured on July 
23 (data not shown). Soyljeans were shorter on September 19 in plots where 
nutrients were placed between the row than when nutrients were applied in the row 
and broadcast, averaged over the nutrient type (Table 1). Soybeans were taller when 
swine manure and inorganic fertilizer were applied at either rate compared to the 
untreated control, averaged over the placement of nutrients. There was a nutrient 
placement by nutrient type interaction apparently due to decreasing plant height with 
the increasing rate of inorganic fertilizer applied in the row. Plant heights with all 
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other nutrient placement and nutrient type combinations were increased or not 
affected by increasing the nutrient rate. 
Soybean yields were reduced by the high rate of inorganic fertilizer when 
compared to the other nutrient types, averaged over nutrient placement (Table 2). 
Nutrient placement had no effect on yield when averaged over nutrient type. Yield 
was reduced by the high rate of inorganic fertilizer applied in the row and broadcast 
when compared to all other treatments. Soybean yields in plots treated with swine 
manure were similar to yields in the untreated controls. 
In general, H. glycines egg densities declined from the April sampling date 
until mid July and then began increasing (Fig.1). H. glycines egg densities peaked in 
late August for most of the treatments and then decreased. 
Egg densities in the row for the different nutrient placements, averaged over 
the various nutrient types, were similar for all sampling dates except one on August 
30. At this sampling date, egg densities were greater when the nutrients were applied 
between the row than when broadcast over the entire plot (Fig. 1 A). Egg densities for 
the between-the-row and in-the-row placements were similar at this sampling date-
Plots receiving the high rate of swine manure had greater (P<0.1) egg 
population densities on September 19 than the untreated check, averaged over 
nutrient placement (Fig 1B). The egg densities of the last sampling date. October 10, 
were greater (P<0.1) with the high rate of inorganic fertilizer than with the untreated 
check, averaged over nutrient placement. Egg densities eariier in the season were 
similar among the nutrient treatments. 
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The egg population density in plots treated with the high rate of manure was 
greater than in plots treated with the low rate of inorganic fertilizer sampled on July 
27, when the lowest egg densities were observed (Fig.lC). The early season egg 
densities ranged from 2,762 to 4,231 per 100 cm^ of soil and on August 30 peaked at 
between 7,212 to 9,787 per 100 cm' of soil. The lowest rate of swine manure gave 
the greatest (P<0.10) egg population density on Septemt)er 19, greater than the 
untreated control. Plots with the high rate of inorganic fertilizer had a greater egg 
population density on October 10 than did the untreated check. Plots with other 
nutrient treatments had egg densities greater (P<0.10) than the untreated control. 
Egg population densities for between-the-row applications of nutrients ranged 
from 2,987 to 3,875 per 100 cm' of soil in April and from 8,542 to 10,875 eggs per 
100 cm' at their peak on August 30 (Fig 1D). Egg population densities were similar 
on August 30, September 19, and Octot>er 10 with all treatments applied between 
the row. 
H. glycines egg population densities on July 8 were greater in plots that 
received the high rate of swine manure broadcast than in plots where the low rates of 
swine manure and inorganic fertilizer were broadcast (Fig. IE). Egg population 
densities for all broadcast treatments were similar on July 23. Plots treated with the 
high rates of tx3th swine manure and inorganic fertilizer had egg population densities 
greater than plots with all other treatments when sampled on September 19. Early-
season egg population densities for the broadcast treatments ranged from 2,293 to 
4,231 per 100 cm' of soil and increased to 6,150 to 7,650 per 100 cm' of soil at their 
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peak on August 30. Egg densities in plots with the high rate of swine manure 
decreased by more than half between the September 19 and the October 10 
sampling dates. 
Field experiment 2: Soybean population density was reduced in plots that 
received the in-the-row application of swine manure when compared to all other 
treatments (Table 3). Soyljean plants were taller whenever swine manure was 
applied compared to the untreated control. Plants also were taller with the broadcast 
application of inorganic fertilizer compared to the untreated control. Similarly, 
soybean yield was increased by the broadcast application of both swine manure and 
inorganic fertilizer compared to the untreated control. 
Egg population densities prior to the August 6 sampling were not different 
among the treatments (Figure 2A-C). On August 6, egg population densities were 
greater in plots where swine manure was applied in the row compared to the 
corresponding untreated control. At the end of the growing season, on September 
16, egg population densities in plots where swine manure was applied in the row 
were greater than in plots where inorganic fertilizer was applied and greater (P<0.1) 
than in the untreated control. 
Field experiment 3: Soyt)ean population density was reduced in plots where 
nutrients were applied in the row compared to nutrients applied either broadcast or 
between the row, averaged over nutrient type (Table 1). Plant population density was 
reduced most when inorganic fertilizer was applied in the row, but also was reduced 
when swine manure was applied in the row when compared to the untreated control. 
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Soybean plant population density was similar for ail nutrient treatments applied 
between the row and broadcast. 
Soybean plant heights assessed mid season, on July 27, were similar for the 
different nutrient placements, ranging from 64 to 66 cm, averaged over nutrient type. 
Plants were taller in plots where swine manure was applied than in plots where 
inorganic fertilizer was applied or when left untreated averaged over nutrient 
placement (data not shown). Soybean heights increased with either nutrient applied 
broadcast or between the row, but were shortest with inorganic fertilizer applied in 
the row. 
Soybean plant heights measured prior to harvest were similar for the different 
nutrient placements, averaged over nutrient type, but were different among the 
different nutrients types, averaged over nutrient placement (Table 1). Plants were 
taller (P<0.10) when swine manure was applied than when inorganic fertilizer was 
applied. Both were taller than the plants in the untreated control. 
The percent moisture of the harvested grain was similar for the various 
nutrient types and nutrient placements (data not shown). Soybean yields were lower 
(P<0.10) when nutrients were applied in the row than when applied between the row, 
averaged over nutrient type (Table 2). Yields were similar for swine manure, 
inorganic fertilizer, and the untreated control, averaged over nutrient placement. 
Soybean yield was greater when inorganic fertilizer was applied between the row 
than for any other treatment applied between the row. 
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There was not a mid-season decline in H. glycines egg densities in the soil in 
experiment 3 that was observed in experiments 1 and 2 (Fig. 1, 2, and 3). Early 
season egg densities were lower in experiment 3 than in experiments 1 and 2. 
Nutrient placement and nutrient type had no effect on egg density in 
experiment 3 on July 27 (Fig. 3A and B). On October 10, egg densities were greater 
in plots with nutrients applied broadcast than in plots with nutrients applied between 
the row, averaged over nutrient type. The egg densities in plots where nutrients were 
applied in the row were similar to densities in plots where nutrients were broadcast, 
averaged over nutrient type. End-of-season egg densities, sampled on October 10, 
were greatest in plots where inorganic fertilizer or swine manure were broadcast 
applied and where swine manure (P<0.1) was applied in the row when compared to 
their corresponding untreated control. 
Field experiment 4: Water-soaked soil over a portion of the experimental area 
likely reduced the soyt)ean population density in six of the twelve replications where 
swine manure was applied to less than 40% of the untreated control. Data from 
those six replications were discarded. The analysis was performed on the remaining 
six replications. 
Soybean population density was reduced by swine manure application to plots 
in-the-row, between-the-row, and broadcast when compared to the corresponding 
untreated control (Table 1). Inorganic fertilizer applied to plots in the row and 
broadcast reduced soybean population densities when compared to the 
corresponding untreated check. Soybean px)pulation densities were lower in plots 
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where swine manure was applied than in plots where inorganic fertilizer was applied. 
Plant population densities also were lower in plots where either nutrient was applied 
compared to the untreated control, averaged over nutrient placement. Plant densities 
were reduced by nutrient placement in the row when compared to between-the-row 
and broadcast application of nutrients, averaged over nutrient type. 
Soybean plants were taller with broadcast application of nutrients than with in-
the-row or between-the-row application of nutrients, averaged over nutrient type 
(Table 1). Plants were taller when either swine manure or inorganic fertilizer was 
applied to plots than in the untreated control, when averaged over nutrient 
placement. 
The percent grain moisture was similar for all nutrient types and placements 
(data not shown). Soybean yields were lower when swine manure was applied in the 
row and when inorganic fertilizer was applied between the row when compared to all 
other treatments (Table 2). 
Experiment 4 had lower initial H. glycines egg population densities in the 
spring than the three other field experiments. Egg population densities were similariy 
low for all treatments at the May 11 sampling date (Fig. 4). Mid-season egg densities 
were greater in plots with between-the-row application of nutrients than in plots 
where nutrients were applied in the row, averaged over nutrient type (Fig. 4A). Mid-
season egg densities were similar in plots with the different nutrient types, averaged 
over nutrient placement (Fig 4B). Egg population densities in October in plots where 
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inorganic fertilizer was applied broadcast were greater than in the corresponding 
control plots (Fig. 4C-E). 
Greenhouse experiment Fresh and dry weights of the above-ground portion 
of three soybean plants per pot were similar for the swine-manure-treated pots and 
the untreated control pots at 1, 2, and 4 months after treatment (Table 4). Both fresh 
and dry weights at three months were greater for plants growing in swine-manure-
treated soil than in the untreated check soil. Root fresh weights were reduced by 
swine manure all four months compared to the untreated check. The greatest 
percentage difference in root weights between plants grown in swine-manure-treated 
soil and plants in the untreated control pots was at one month. 
Population densities of H. glycines J2, females and cysts, and eggs from the 
cysts in 100 cm^ of soil were similar at 1 and 4 months. The J2 density in the soil was 
similar at 3 months, also. Densities of the J2, cysts, and eggs from cysts were less 
two months after soil application in pots treated with swine manure compared to the 
untreated control. Population densities of cysts and eggs from cysts in the soil were 
reduced at three months by pots treated with swine manure compared to the 
untreated control. 
Numbers of H. glycines females and cysts removed from soybean roots, eggs 
removed from the females and cysts, and females and cysts per g of root were 
similar one month after treatment for pots treated with swine manure and the 
untreated control. However, at 2 and 3 months, numbers of females and cysts from 
roots, eggs from the females and cysts, and females and cysts per g of root were 
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greater on plants in the untreated control pots than on plants in swine-manure-
treated pots. At four months the number of females and cysts were greater on plants 
growing in swine-manure-treated soil than on plants growing in the untreated control. 
Although the actual values for the number of eggs from cysts on plants growing in 
soil treated with swine manure were double the number of eggs on the plants 
growing in the untreated control soil, the difference was not significant. 
Discussion 
Time of nutrient application, evaluated in experiment 1 only, had no effect on 
the soybean parameters or egg population density mentioned above. Hedrick Oeike 
(1998) reported that eariy spring application of swine manure reduced soybean 
population density due to damping-off disease more than later applications, closer to 
the time of planting. However, differences in that study were due to comparisons 
made between fungicide-treated and untreated seed. In Hedrick Oelke's plots, 
seedling death from disease was greater in plots planted with untreated seed than 
with fungicide treated seed, but seedling death was similar for both application 
timings when swine manure was applied to plots planted with treated seed. All of the 
seed used in our experiments was treated with fungicide, and we did not observe 
damping-off disease in any of the treatments except in the swine-manure-treated 
plots in experiment 4. No other literature on the effect of time of application of animal 
manure on plant-parasitic nematodes is available at this time. 
The application of swine manure and inorganic fertilizer with similar levels of 
available NPK and nutrient placement influenced soybean population density, plant 
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height, yield, and H. glycines egg F>opulation density in the soil during the growing 
season. Soytjean population densities were reduced by swine manure application in 
three experiments, compared to the untreated check, particulariy when applied in the 
soybean row prior to planting. Several possible causes for reductions in plant 
population density from manure application have been suggested, including seedling 
damping off (Hedrick Oeike). Other possible causes include phytotoxicity to 
seedlings from high salt or ammonia concentrations in the soil (Schmidt et al., 1996), 
anerobic conditions in the soil where the manure is concentrated, and the presence 
of inhibitory compounds in the swine manure (Sutton et al., 1996). 
In our experiments, inorganic fertilizer applied in the row also reduced 
soybean population density and reduced plant height compared to the untreated 
control plots. Reduced plant population densities and plant heights were observed in 
three of the four experiments. The high concentration of salts in inorganic fertilizer 
has been reported to injure young soyt>ean plants if placed too close to the seed row 
(Tisdaie et al., 1985). Reduction of soybean population density and plant height from 
swine manure in our experiments may have been partially due to the high nutrient 
salt concentrations. However, we did observe stand and height reductions with 
inorganic fertilizer. 
Extremely wet conditions after planting soybeans during experiment 4 
probably caused an increase in seedling damping-off disease, resulting in reduction 
of soybean population density where swine manure was applied in the row. Soybean 
population densities in the water-soaked soil was up to 80% less in six of the twelve 
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replications wtiere swine manure was applied in the row. High nitrogen levels in 
manure have been reported by Dirks et al. (1980) to increase Phytophthora root rot. 
Growth of Phytophthora and other damping-off pathogens are promoted by wet soil 
conditions as well. To avoid the potential for population loss in heavy soils that retain 
excess moisture, swine manure application in soybeans should probably be avoided 
or rates of application should be low. Also, fungicide-treated seed should be used in 
these situations. 
Soybean plants were taller after swine manure application and when 
inorganic fertilizer was applied between the row or broadcast, compared to the 
untreated check, even where soybean plant populations densities were reduced. 
Others have reported that plant height usually is reduced when soybean populations 
are reduced (Probst, 1945; Teigen and Vorst, 1975). The increased soybean height 
in our experiments, even when soybean population densities were reduced, likely 
was due to the additional fertility provided by the swine manure and inorganic 
fertilizer. Garcia and Blancaver (1983) reported that swine manure increased 
soybean plant heights compared to the untreated check, but they did not investigate 
soybean population density. 
Soybean yields were influenced by the placement of nutrients. Yields were 
increased or similar to the untreated check when swine manure and inorganic 
fertilizer were applied between the row or broadcast. Soyt)ean yield was reduced by 
in-the-row applications of inorganic fertilizer in half of the field experiments. Swine 
manure applied in the row reduced yield in experiment 4 due to damping-off disease. 
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Schmidt et al. (1996) reported a negative yield response from knife-injected swine 
manure application. The authors suggested the response was due to "unfavorable 
alignment of the manure to the seed rows'. The same study reported that yields were 
increased compared to the untreated check when swine manure was applied using 
cultivator sweeps. The sweeps distributed the swine manure under the soil surface 
over a wider area in a less concentrated distribution pattern than with knife injection. 
Although yields were reduced in only two of our four experiments where swine 
manure was applied in the row, the potential for yield loss exists when swine manure 
is banded. Care should be taken to evenly distribute the manure in the field and to 
avoid concentrated bands. 
Soybeans have the ability to compensate for yield loss when plant population 
density, a component of yield, is reduced (Burmood and Fehr, 1973). In three of the 
four field experiments, swine manure applied in the row reduced soybean population 
densities but yields were not reduced in comparison to yields in the untreated control. 
However, the reduced plant population density caused by inorganic fertilizer 
application did not compensate for yield. The lack of yield compensation by soybeans 
in plots treated with inorganic fertilizer when H. glycines population densities were 
low may have been due to some additional stress on the plants. Stress on the 
soybeans may have occurred from nutrient levels toxic to the plants. 
Root mass, and thus, root growth in the greenhouse was inhibited by swine 
manure at all four sampling times. Brinton (1982) reported similar root growth 
suppression with raw cow manure in soybeans after 25 days in a greenhouse 
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experiment. However, when the cow manure used in his experiment first was 
composted then added to the soil, no root growth suppression was observed. After 
100 days, the root systems for the raw-cow-manure-treated plants and the untreated 
control plants were similar. Brinton (1982) suggested that the presence of toxic 
compounds and the anaerobic conditions in soil created by the presence of raw 
manure were responsible for root inhibition. Goyal and Huffaker (1984) discussed the 
toxic effects that ammonium, a component of swine manure, can have on plants 
such as root inhibition, stunting, and phytotoxicity. Other toxic compounds may exist 
in swine manure. 
Goyal and Huffaker (1984) suggested that under field conditions where 
excessive nitrogen exists in treated zones, roots from the treated zone can escape 
by growing into nearby untreated zones. Plants can benefit from the nitrogen as the 
toxic levels in the soil are diluted or rendered less harmful through microbial 
metabolism, resulting in increased plant growth. In our greenhouse experiment, the 
soybeans were restricted to the swine-manure-treated-soil in the pots. Thus, the 
soybean plants in the pots may not have t)enefited from the nutrients in the swine 
manure as much as plants did in the field experiments. The shoot growth of plants 
grown In swine-manure-treated soil in our greenhouse experiments was similar to 
that of plants in the untreated control. At three months, plants growing in soil treated 
with swine manure weighed more than plants in the untreated control. Even though 
root growth was suppressed by swine manure in the greenhouse experiments, top 
growth was not. 
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Swine manure increased H. glycines egg population densities in the soil at the 
end of the growing season in our field experiments. This result is in agreement with 
those of Ueda (1996), who reported increases of H. glycines population densities 
each year for four years in soybeans when swine manure was applied annually. 
Although Al-Rehiayani (1992) reported that swine manure inhibited the hatch of H. 
glycines eggs in a laboratory study, his results also support our findings. Al-
Rehiayani (1992) observed inhibition of hatch over a 30-day period. We observed 
similar results in studies conducted in our laboratory (data not shown). Reduced 
numbers of females and cysts on soybean roots grown in soil treated with swine 
manure in our greenhouse experiment may have resulted from reduced egg hatch. 
Similarly, the reduced number of J2 at the three-month sampling date in our 
greenhouse experiments suggests reduced egg hatch. 
Our greenhouse results indicate that eariy in the season, after swine manure 
is applied, some factor in the soil reduces soybean root growth and reduces the 
number of females and cysts on the roots. Others have noted decreases in 
nematode numbers from animal-manure application. Kaplan and Noe (1993) reported 
decreased Meloidogyne arenaria population densities in the roots of tomatoes in soil 
amended with poultry manure compared to nematode densities on roots of plants 
growing in unamended soil. Riegel et al. (1996) reported the same trend with M. 
incognita in cotton. Most of the reports of reduced plant-parasitic nematode 
population densities have been associated with poultry manure. The presence of 
toxic compounds in animal manures or their release during metabolism by soil 
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microbes have been suggested, at least in part, as the cause for reductions in 
population densities of nematodes. Kaplan and Noe (1993) suggested that 
suppression on the nematode population densities by manure early in the season 
was due to ammonium levels and unnamed toxic compounds in the manure. As 
mentioned earlier with soyt)ean growth, ammonium has been implicated in reducing 
nematode population densities in the soil (Rodriguez-Kabana, 1986). 
We did not find reduced H. glycines population densities at the end of the 
growing season in plots where swine manure was applied compared to the untreated 
control in our field experiments. Instead, population densities either were increased 
or similar to the untreated controls. In the greenhouse, the number of females and 
cysts on soybean roots in swine-manure-amended soil was greater than on the roots 
of untreated plants. Egg population densities from cysts in the soil and on soybean 
roots were similar to those found in the untreated controls. Our findings are 
consistent with those of Ueda (1996), who reported H. glycines cyst population 
densities increased in the soil at the end of the growing season where poultry 
manure or swine manure was applied in soybeans compared to untreated controls. 
Similarly, Matsuo et al. (1994) reported greater numbers of H. glycines J2 in the soil 
and females infecting soyt)ean roots after treating the soil with dried cattle manure 
than in the untreated check. 
Inorganic fertilizer increased egg population densities in the soil, suggesting 
that similar increases from swine manure application was due to an increase in 
nutrient availability and use by the soybean plant. Increased nutrient use by soyt>ean 
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plants resulted in increased plant height and probably increased root mass. Ross 
(1959) suggested that increased plant growth led to more feeding sites on the roots 
for female H. glycines. Egg population densities were increased, especially where 
swine manure or inorganic fertilizer was applied in the row compared to the untreated 
check. The egg population densities were increased even though there was apparent 
phytotoxicity from the nutrients. Application of nutrients either between the row and 
broadcast resulted in increased egg densities in at least one experiment. The 
availability of nutrients for soybean growth was important in sustaining greater female 
and cyst population densities on the roots. 
Although animal manures have been shown to reduce plant-parasitic 
nematode population densities in some crops, the effect of manures in soybeans 
may be entirely different. The season-long influence of swine manure on H. glycines 
cannot adequately be understood without also understanding the effect of swine 
manure on the host plant, soybeans. The effect of swine manure on both soytseans 
and H. glycines changed completely from the early season until harvest. 
Swine manure can increase soybean yield, if applied so that phytotoxicity and 
increased seedling diseases are not a concern. However, increasing soytiean growth 
simultaneously can increase the population density of H. glycines in the soil. 
Adequate nutrition for soybeans was able to offset and overcome the potential yield 
reductions from increased nematode feeding on the roots in a single growing season. 
However, increasing H. glycines population density in the soil will create a 
management problem for future soybean crops. The use of H. g/yc/nes-reslstant 
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soybean varieties in conjunction with swine-manure application may limit the 
increase in egg population densities that occur when swine manure was applied to 
the soil. 
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Table 1. Main and interactive effects of nutrient type and nutrient placement on 
soybean plant population density (per m of row) and height (cm) for three field 
experiments conducted near Ames. Iowa. 
Nutrient type 
Nutrient placement* mean 
Nutrient type, rate** 
PoDulation density Plant heiaht Pop. 
density 
Plant 
height IR BR BC IR BR BC 
Exoeriment 1*^ 
Untreated 23 a 24 a 22 ab 75 c 74 be 76 b 23 A 74 B 
Swine manure, low 22 a 22 ab 22 ab 82 a 76 ab 79 b 22 A 79 A 
Swine manure, high 22a 21 b 21 b 84 a 78 a 83 a 21 B 81 A 
Inorganic fert., low 22a 23 a 23 a 82 a 73 c 81 ab 22A 79 A 
Inorganic fert., high 18b 23 a 22 ab 78 b 77 ab 82 a 21 B 79 A 
Placement mean 21 B 23 A 22 AB 80 A 75 B BOA 
Exoehment 3 
Untreated 20 a 19 a 19a 101 a 98 c 93 c 19 A 97 B 
Swine manure, high 17b 19 a 19a 102 a 106a 108 a 18 AB 105 A 
inorganic fert., high 13c 19 a 19a 101 a 102 b 104 b 17 B 102 A 
Placement mean 17 B 19 A 19A 101 A 102 A 102 A 
Exoeriment 4* 
Untreated 17a 17a 18a 102 b 101 c 106b 17 A 103 B 
Swine manure, high 10b 15b 14b 104b 109 a 110a 13C 107 A 
Inorganic fert., high 12 b 17a 15b 109 a 105 b 110a 15B 108 A 
Placement mean 13B 16A 16 A 105 B 105 B 108A 
Within column and experiment, means followed by the same lower case letter are not 
significantly different according to Fisher's LSD test (a=0.05). Within row or column 
and experiment, means of main effects followed by the same upper case letter are 
not significantly different according to Fisher's LSD test (a=0.05). 
^ IR is in the row application, BR is between the row application, BC is broadcast 
application. 
" Low rate of swine manure was 23 m^/ha and high rate was 56 m^/ha. The low and 
high rate of organic fertilizer correspond to the NPK analysis of the available 
nutrients in the swine manure. 
Data are means of eight replications. 
^ Data are means of seven replications. 
° Data are means of six replications. 
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Table 2. Main and interactive effects of nutrient type and nutrient placennent on 
soybean seed yields (kg/ha) for three experiments conducted near Ames, Iowa. 
Nutrient type, rate" In the row 
Nutrient olacement 
Between the row Broadcast 
Nutrient 
type 
mean 
Experiment l" 
Untreated 3.979 ab 4,018 a 4,247 a 4,081 A 
Swine manure, low 3,916 ab 4.154 a 4,252 a 4,107 A 
Swine manure, high 4,005 ab 4,216 a 4,224 a 4,149 A 
Inorganic fert., low 4,076 a 3,927 a 4,226 a 4,077 A 
Inorganic fert., high 3,681 b 4,159 a 3,756 b 3,865 8 
Placement mean 3,931 A 4,095 A 4,141 A 
Experiment 3*^ 
Untreated 3,300 a 3.396 b 3,242 a 3,313 A 
Swine manure, high 3,312 a 3,303 b 3.541a 3,386 A 
Inorganic fert., high 3.051b 3,850 a 3,334 a 3,411 A 
Placement mean 3,221 A 3,517 A 3,372 A 
Experiment 4" 
Untreated 3,228 a 2.986 a 3.429 a 3,214 A 
Swine manure, high 2,428 b 3,109 a 3.153 a 2.897 A 
Inorganic fert., high 3,035 a 2.473 b 3.209 a 2.906 A 
Placement mean 2,897 A 2.856 A 3.264 A 
Within column and experiment, means followed by the same lower case letter are not 
significantly different according to Fisher's LSD test (a=0.05). Within row or column 
and experiment, means of main effects followed by the same upper case letter are 
not significantly different according to Fisher's LSD test (a=0.05). 
® Low rate of swine manure was 23 m^ /ha and high rate was 56 m^ /ha. The low and 
high rate of organic fertilizer correspond to the NPK analysis of the available 
nutrients in the swine manure. 
Data are means of eight replications. 
Data are means of seven replications. 
Data are means of six replications. 
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Table 3. Effect of nutrient type and nutrient placement on soyisean population density 
In plants per meter of row, soytjean plant height in cm, and seed yield in kg/ha 
adjusted to 13% grain moisture for experiment 2. 
Nutrient Population 
Nutrient type placement density Plant height Yield 
Untreated 24 a 86 c 2,792 c 
Swine manure in the row 21 b 94 ab 2,874 be 
Inorganic fert. in the row 24 a 90 be 2,898 abc 
Swine manure between the row 23 a 95 a 3,000 abc 
Inorganic fert. between the row 24 a 88 c 3,033 abc 
Swine manure broadcast 24 a 95 a 3,163 ab 
Inorganic fert. broadcast 24 a 94 ab 3,203 a 
Data are means of 10 replications. Means within columns followed by the same letter 
are not significantly different according to Fisher's LSD test (a=0.05). 
Table 4. Effect of swine manure application on soybean shoot and root weights (g) for three plants, Heiennkra 
glycines cysts and eggs from soil, H. glycines females and cysts and eggs from roots, and second-stage juveniles 
(J2) at four sampling dates after application and planting in the greenhouse. 
Soybean olant section weights Hetmkkra Wi'f/Mi'.v/IOOcm' of soil HeWriklera slvdiKs on soybean roots 
Treatment Shoot Shoot Root (•emales 
description fresh dry fresh J2 Cysts EB.gs and cysts E(^s/(j of root 
Initial population " - - 12 246 8,889 " " -
One month 
Untreated 699 1 62 6 76 184 211 8,678 203 4,317 26 
Swine manure 4 49 097 1 62* 173 208 9,807 49 6,080 18 
Two months 
Untreated n 21 2.95 9 84 2,328 293 25,050 498 48,556 65 
Swine manure 1307 3 17 341' 135* 179* 9,494* 20* 1,881* 6* 
Three months 
Untreated 3560 8 12 27,09 1,045 322 24,369 1463 138,737 57 
Swine manure 52.50' I2,67« 17 78* 515 172* 7,919* 691* 69,775* 31* 
Four Months 
Untreated 52,99 19 76 37 80 2,305 387 37,756 369 26,638 II 
Swine manure 44,79 17,52 24 37* 5,403 456 40,156 480* 54,313 25 
Mean of 8 replications. Swine manure applied at 159 m /ha. 
* Comparisons of swine manure treatment with the untreated check within a month for each dependent variable 
were significantly ditTerent according to Fischer's LSD test (a=0.05). 
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Figure 1. Heterodera glycines egg densities (per 100cm^ of soil) at 
several times during the season under soybeans in experiment 1. A) 
Nutrient placement, main effects. B) Nutrient type, main effects. C) 
Nutrients placed in the row. D) Nutrients placed between the row. E) 
Nutrients broadcast. Error bars are the least significant difference 
(a=0.05). 
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Figure 2. Heterodera glycines egg densities (per lOOcm^ of soil) at 
several times during the season under soybeans in experiment 2. A) 
Nutrients placed in the row. B) Nutrients placed between the row. C) 
Nutrients broadcast. Error bars are the least significant difference 
(a=0.05). 
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Figure 4. Heterodera glycines egg densities (per 100cm^ of soil) at several times 
during the season under soybeans in experiment 4. A) Nutrient placement, main 
effects. B) Nutrient type, main effects. C) Nutrients placed in the row. D) Nutrients 
placed between the row. E) Nutrients broadcast. Error bars are the least significant 
difference (a=0.05). 
97 
CHAPTER 4 
COMPONENTS OF SWINE MANURE AFFECT 
HETERODERA GLYCINES EGG HATCH 
A paper to t>e submitted to the Journal of Nematology. 
Dean A. Reynolds. Gregory L. Tylka, and Charlie A. Martinson 
Authors: Department of Plant Pathology, Iowa State University, 
Ames, Iowa 50011-1020. 
Corresponding author; Gregory L. Tylka; Email address; gltylka@iastate.edu 
Abstract 
Swine manure and its components were evaluated for contact and volatile 
effects on Heterodera glycines egg hatch in laboratory and in greenhouse 
experiments. Egg hatch was irreversibly inhibited when eggs were incubated in liquid 
swine manure and in deionized water exposed to vapors from swine manure. Hatch 
also was inhibited by several components of swine manure, including the ionic salt 
components of swine manure, volatile organic acids, aromatic organic compounds 
released during microbial decomposition of swine manure, and ammonium nitrate. 
Only Inhibition by ammonium nitrate was reversible. Vapors from indole stimulated 
egg hatch. Leachate collected from H. g/yc/nes-infested soil at 2, 7. 14, and 28 days 
after amendment with swine manure inhibited egg hatch relative to hatch in deionized 
water. Leachate from unamended soil stimulated egg hatch relative to hatch in 
deionized water. Egg hatch was reduced by contact with soil amended with swine 
manure and volatiles from soil amended with swine manure. The population densities 
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of females on soybean roots and the number of eggs in females on roots were less 
on plants in soil amended with swine manure compared to that on plants grown in 
non-amended soil. 
Introduction 
Animal manures have been widely reported as suppressive to plant-parasitic 
nematodes (Akhtarand Mahmood, 1997; Ai-Rehiayani, 1992; Bulluck etal., 1999; 
Chlndo and Khan, 1990; Conn and Lazarovits. 1999; Kaplan and Noe, 1993; Khan, 
1994; Khan etal., 1997; Matsuoetal., 1994; Mian and Rodriguez-Kabana, 1982; 
Morant et al., 1997; Muller and Gooch, 1982; Oduor-Owino and Waudo, 1996; Riegel 
etal., 1996; Stephan, 1995; Stirling. 1989; Wahundeniya, 1991). The nematode-
suppressive effects of poultry manure have been the most commonly investigated. 
Poultry manure has been reported to reduce population densities of Meloidogyne 
spp. on cotton (Mian and Rodriguez-Kabana, 1982; Riegel et al., 1996), ginger 
(Stirling, 1989), tomato (Akhtarand Mahmood, 1997; Chindo and Khan, 1990; 
Kaplan and Noe, 1993; Oduor-Owino and Waudo, 1996; Wahundeniya, 1991), 
potato (Conn and Lazarovits, 1999), and soyt)ean (Morant et al., 1997). Animal 
manures have been studied for effects on several other plant-parasitic nematodes in 
several crops. The manures studied include cattle (Conn and Lazarovits, 1999; 
Khan, 1994; Matsuoetal., 1994), horse (Stephan, 1995; Khan etal., 1997), sheep 
(Khan, 1994), and swine manure (AI-Rehiayani, 1992; Bulluck et al., 1999; Conn and 
Lazarovits, 1999). In nearly every study cited above, animal manures reduced the 
deleterious effects of plant-parasitic nematodes on crops. 
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Several possible mechanisms for nematode suppression by animal manures 
have been proposed, including the presence of toxic compounds in animal manures 
or their release from manures during metabolism by soil microbes. The suppression 
mechanism with the strongest experimental support has t)een toxicity to nematodes 
from the elevated nitrogen content of manures. Mian and Rodriguez-Kabana (1982) 
and Riegel et al. (1996) suggested that the accumulation of ammonium in the soil, 
released by microbial decomposition of chicken manure, was responsible for the 
nematicidal effects of poultry manure. Free ammonium, a common component of 
animal manures often in high concentrations, has been shown to suppress nematode 
population densities and reduce damage to crops (Rodriguez-Kabana. 1986). 
Kaplan and Noe (1993) suggested that suppression of nematode population 
densities early in the season by chicken manure was due to both high ammonium 
levels and some unknown toxic compound(s) in the manure. Although toxic 
compounds in addition to ammonium have been suggested by others as well (Badra 
et al. 1979; Chindo and Khan. 1990; Mian and Rodriguez-Kabana, 1982; Morantet 
al.. 1997), few specific compounds responsible for the nematicidal effects have been 
reported. Badra et al. (1979) found that fatty acids and phenols, which are microbial 
breakdown products of organic amendments, were responsible for the nematicidal 
effects of organic amendments. 
Other mechanisms that may suppress plant-parasitic nematodes in the soil 
are anaerobic conditions from the high biological oxygen demand of the manure in 
the soil (Sawyer and Hoeft, 1990), the high salt concentrations associated with 
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animal manures (Sutton et al., 1996), and increased activity by nematode 
antagonists in the soil (Conn and Lazarovits, 1999; Kaplan and Noe, 1993; Oduor-
Owino and Waudo, 1996; Rodriguez-Kabana, 1986). 
Liquid swine manure also contains a high concentration of ammonium and 
high levels of mineral nutrients. Swine manure is a very complex suspension of many 
simple and complex organic acids and volatile organic compounds, any one of which 
may contribute to nematode suppression. Sutton et al. (1996) listed 46 compounds 
that were released into the air from anaerobic digestion of animal manures. Zahn et 
al. (1997) collected, identified, and quantified more than 50 compounds in the air 
over swine manure lagoons and pits beneath swine confinement buildings. These 
same compounds may be released during microbial decomposition in the soil. 
Japenga and Harmsen (1990) identified and quantified the salt content of swine 
manure. 
Chindo and Khan (1990) found that Meloidogyne incognita egg hatch was 
reduced and juvenile mortality increased when incubated in the water-soluble fraction 
of a mixture of as little as 2 g of poultry manure/100 ml distilled water when 
compared to distilled water. Al-Rehiayani (1992) showed that in vitro Heterodera 
glycines egg hatch was inhibited by liquid swine manure. We conducted laboratory 
experiments to determine which fractions and/or component(s) of liquid swine 
manure inhibited H. glycines egg hatch. Also, we conducted greenhouse 
experiments to evaluate contact and volatile effects of swine manure in soil and the 
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effects of soil leachate firom swine-manure-amended and unamended soil on H. 
glycines hatch. 
Materials And Methods 
General Procedures for Hatch Experiments: Test solutions were prepared and 
then sterilized by vacuum filtration through a sterile cellulose acetate filter of 0.22 |im 
porosity (Coming Costar Corp., Coming, NY). Liquid swine {Sus scofa) manure 
obtained from the pit beneath a swine finishing house was unalterable. 
Consequently, the manure was centrifuged at 12,150 x g for 25 min. to remove 
suspended particulate matter and placed in 50 ml flat polystyrene culture flasks 
(Coming Costar Corp.) for irradiation to kill all microbial growth. The swine manure 
was irradiated in a linear accelerator (Linear Accelerator-Circe III R, Thomson CSF 
Linac, Saint Aubin, France) with an electron tseam delivering an average dosage of 
35.7 kGy (kiloGray) of absorbed energy. 
Heterodera glycines females and cysts were extracted from the roots and 
cysts were extracted from infested soil in pots containing greenhouse grown 
Kenwood 94' soybean {Glycine max (L) Merrl.). The females and cysts were 
dislodged from soytTean roots using a stream of water and separated from plant 
debris by washing through an 850-nm-pore sieve nested over a 250-nm-pore sieve. 
The soil from the pots was added to a bucket of water. The mixture was roiled and 
allowed to settle for 15 seconds. The water was poured through an 850-^m-pore 
sieve nested over a 250-(im-pore sieve. The cyst and soil mixture was washed from 
the 250-nm-pore sieve into a 250 ml beaker. The cysts from soil and females and 
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cysts from roots then were combined. Eggs were released from the cysts and 
females and cysts by grinding with a stainless steel pestle (Niblack et al., 1993) and 
then were separated from cyst debris by rinsing through a 75-^m-pore sieve nested 
over a 25-^m-pore sieve. The eggs were washed into a 50 ml centrifuge tube and 
centrifuged at 220 g_for 2 minutes in a 0.454 kg / L sucrose solution (Jenkins, 1964). 
The eggs were rinsed with tap water to remove the sucrose. Eggs were surface 
disinfested by the procedure of Acedo and Dropkin (1982). Eggs were placed in a 
0.5% chlorhexidine diacetate solution for 15 minutes followed by placing in sterile 
delonlzed water (pH 7.0) for 10 minutes and again for 5 minutes in fresh sterile 
deionized water. 
MIcrosieves were prepared from nylon monofilament screening fabric (SO-^m 
porosity, Tetko, Inc., Briarcliff Manor, NY) stretched over the end of a 15-mm-long 
cylinder cut from a polypropylene cover for 18-mm-diameter test tubes and wedged 
between that cylinder and a 15-mm-long cylinder cut from a polypropylene cover for 
20-mm-diameter test tubes (Wong et al., 1993). An estimated 8,000 to 10,000 
surface-sterilized H. glycines eggs were placed in each microsieve. The microsieves 
then were placed in small polystyrene hatching trays (32 mm x 75 mm x 13 mm tall) 
(Althor Products, Wilton, CT) containing 12 ml of a test solution. This system 
permitted evaluation of the contact effects of the solutions on egg hatch. The 
hatching tray was placed inside a polystyrene box with a tightly fitting lid (96 mm x 96 
mm x 48 mm tall) (Althor Products, Wilton, CT). A second hatching tray placed in the 
same box contained eggs on a microsieve incubated in deionized water adjusted to 
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pH 7.0. Volatile compounds from the test solutions in the first tray may be trapped in 
the water in the second hatching tray. 
The microsieves containing the eggs were transferred to trays containing 12 
ml of fresh test solution (or deionized water) after two days, and then every five days 
thereafter for a total of 27 days. The hatched H. glycines J2 remaining in the test 
solutions in the hatching trays were counted after each transfer. 
Twenty-seven days after the start of the experiment, all microsieves were 
transferred to hatching trays containing 5.6 mM zinc sulfate solution. Zinc sulfate 
stimulates H. glycines egg hatch (Clarke and Shepherd, 1966.) and was used to 
evaluate the viability of the unhatched eggs remaining on the microsieves. The 
microsieves were transferred to fresh zinc sulfate solution every five days until the 
experiment was terminated at 47 days. We counted hatched J2 remaining in the 
trays after each transfer. At the end of the experiment, unhatched eggs remaining on 
the microsieves were counted. Counts of hatched J2 at each transfer date were 
added to the counts for previous dates and divided by the total number of eggs 
initially added to each tray at the beginning of the experiment to determine the 
cumulative percent hatch at each transfer date. 
Two test solutions. 5.6 mM zinc sulfate and deionized water adjusted to pH 
7.0, were included for comparison as controls in all hatch experiments. 
The design of the hatch experiments was a randomized complete block with 
five replications. All experiments were repeated once. The experiments gave similar 
results so the data were combined and analyzed using an analysis of variance 
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(ANOVA). Fisher's least-significant-difference (LSD) test was used to compare 
treatment means when significant differences among means were detected by 
ANOVA. The P- 0.05 level of significance was used to compare means. 
Experiment 1. The test solutions were centrifuged and irradiated whole liquid 
swine manure, a solution containing the major identified volatile components of 
decomposing swine manure (Table 1) (Zahn et al., 1997), a solution containing the 
Ionic components of swine manure (Table 1) (Jep>enga and Harmsen, 1990), 2.9 mM 
ammonium nitrate, and the two controls. All solutions were evaluated for contact and 
volatile effects. 
Experiment 2: Three test solutions containing several selected compounds in 
the volatile components of swine manure were tested for their effects on egg hatch. 
The concentrations used were the same as in experiment 1 (Table 1). One test 
solution contained seven organic acids: butyric acid, heptanoic acid, hexanoic acid, 
Isobutyric acid. Isovaleric acid, propionic acid, and valeric acid. The second solution 
contained six aromatic organic compounds: 4-amino acetophenone, butylated 
hydroxytoluene, 4-ethyl phenol, indole, 3-methyl indole, and 4-methyl phenol. The 
third test solution contain a mixture of both the acids and aromatics, the same as 
used In experiment 1. They were compared to the two controls. 
Experiment 3: Each of the six aromatic organic compounds previously tested 
In experiment 2 were tested separately. They were: 4-amino acetophenone, 
butylated hydroxytoluene, 4-ethyl phenol, indole, 3-methyl indole, and 4-methyl 
phenol (Table 1). They were compared to the two controls. 
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Experiment 4: Test solutions were indole and indoie-3-acetic acid (lAA), a 
naturally occurring plant hormone. Both solutions were tested at 0.1 mM and 1 mM 
concentrations and compared to the two controls. 
Experiment 5: The purpose of the experiment was to determine if leachate 
collected from soil mixed with whole liquid swine manure had an effect on H. glycines 
egg hatch. A Coland clay loam soil collected in the fall after harvest from a H. 
glycines-infesXed soybean field was mechanically shredded with a Lindig KM 10 soil 
shredder (Lindig Manufacturing Co., Inc., St. Paul, MN) and thoroughly mixed. The 
air-dry soil was passed through a 6-mm-pore screen to remove larger aggregates 
and organic debris. Half of the air-dry soil was stored at 25°C until the experiment 
was repeated. 
A portion of the air-dry soil was mixed thoroughly with whole swine manure at 
0.20 L/kg of soil (a rate equivalent to 56 m^/ha banded on one-third of the area and 
incorporated to 10 cm). Another portion of the soil was mixed with a volume of tap 
water equal to the volume of the whole swine manure added to the first batch of soil. 
A sample of the swine manure was analyzed to determine the nutrient analysis using 
the Association of Official Analytical Chemists procedures for total nitrogen (N) and 
available N using Kjeldahl, and ammoniacal N using Kjeldahl without digesting the 
sample (method 955.04); for phosphorus (P) using spectrophotometry (method 
958.01); for potassium (K) using flame ionization (method 971.01); and for total 
moisture by drying (method 930.15) (Helrich, 1990). The liquid swine manure used in 
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the experiment contained 89% (wt/v) moisture, 0.48% (wt/v) ammoniacal N and 
supplied 1.56 g of total N/kg, 2.47 g of P/kg, and 0.55 g of K /kg to the amended soil. 
Soil leaching columns were constructed of 610-mm-long sections of 102 mm-
diameter polyvinyl chloride (PVC) pipe. Rings of silicon caulk were placed inside the 
PVC column every 50 mm to impede water movement along the interface of the PVC 
pipe and the soil. The columns were capped at the tx5ttom with a 102-mm-diameter 
by 51-mm-diameter PVC pipe reducer connection with the hole covered by a section 
of 1-mm-porosity plastic mesh screen to prevent loss of the test soil from each 
column. A 50 mm layer of autoclaved, washed white quartz sand was placed in the 
bottom of each leaching column. 
Eight leaching columns were filled with swine-manure-amended soil and eight 
with unamended soil. The columns were packed by filling them to the top with soil, 
dropping each column three times from a height of 30 mm to settle the soil, refilling 
them to the top again with additional soil, and then dropping them two more times 
from a height of 30 mm. Approximately 100 mm of air space was left in the top of 
each column. The 5,466 g of soil (air-dry weight) in each column was brought to near 
field capacity, which had been predetermined to be 33% moisture. The column tops 
were loosely capped to allow air movement and were stored upright in the 
greenhouse, where ambient temperature ranged from 18 to 29°C. Excess water was 
allowed to drain for the first 12 hours, then the bottoms were sealed. An additional 
100 ml of tap water was added after 10 days and again after 21 days to replenish 
water lost by evaporation. 
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Two columns for each of the two soil treatments (swine-manure-amended and 
unamended) were leached 2 days after column filling by adding 1,400 ml of tap 
water. The first 1,000 ml of water leachate, 169 ml of leachate/kg of soil, was 
collected from each column. Leachates from the two similar treated columns were 
combined and refrigerated at G^C. Half of the leachate sample was vacuum filtered 
through a series of Whatman filter papers (Whatman International Ltd., Springfield 
Mill, Maidstone, Kent, England) to remove large particulate matter while cooling the 
collection flask in an ice water bath. The filter papers used were Whatman 4, 
Whatman 1, and Whatman 42 with particle retentions of > 20 to 25nm, >1 l^im, and 
> 2.5fim, respectively. The filtered leachate was sterilized by vacuum filtration 
through a sterile cellulose acetate filter with 0.22-nm-porosity (Coming Costar, Corp., 
Corning, NY). The sterile solutions were divided into 40-ml aliquots and stored at 
10°C until used in a hatch experiment. 
The collection of leachate was repeated at 7, 14, and 28 days after the 
columns were filled. The filtered leachates from the swine-manure-amended and 
unamended soil collected at 2, 7, 14, and 28 days were tested for their effects on H. 
glycines egg hatch using the general hatch experiment procedures described above. 
All leachate samples were tested at the concentration collected from the column and 
at a 1:10 dilution with sterile deionized water which was adjusted to pH 7.0. The 
effects of volatiles from the test solutions on egg hatch were evaluated with the 2-
day leachate only. The experiment was terminated after 27 days. 
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Experiment 6: Dual chamber soil columns (DCSC) were designed to test the 
volatile and contact effects of swine manure on H. glycines population densities in 
the presence or absence of a soybean host. The detailed design of a DCSC is 
described in Fig. 1. With a DCSC a 400 cm^ volume core of soil contained within a 
51-mm inside diameter (I.D.) rigid stainless steel mesh cylinder was separated by a 
20-mm-air gap from a second 781 cm^ volume cylinder of soil kept in place by a 75-
mm-I.D. rigid stainless steel mesh cylinder and the outer walls of the DCSC. The 
inner core of soil was open to the atmosphere at the top and supported the growth of 
a soybean plant. The air gap and the outer cylinder of soil were sealed from the 
ambient atmosphere with hose gasket air seals. Air exchange occurred from the 
outer soil cylinder across the air gap with the central core of soil, thereby allowing for 
gas exchange experiments. Thirty ml of tap water was added to the soil in the center 
core twice daily. A syringe with hypodermic needle was used to bypass the hose 
gasket air seal and to inject water into the sealed outer soil cylinder. Excess water 
drained from the soils. Drainage water from the central core of the soil was kept 
separate from the drainage water from the outer cylinder of soil. 
Soil was collected, shredded, mixed, and screened as descrit>ed in 
experiment 5 above. The soil then was amended with two rates of swine manure or 
left unamended (Table 2). The soils were placed in the center core and in the outer 
cylinder as described in Table 2. A representative subsample of each soil for each 
replication was removed to determine the initial cyst and egg population densities. 
The samples were stored at 4°C until processed. 
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'Kenwood 94' was planted in the soil in the center core in most columns, while 
some were not planted (Table 2). No seed was planted in the soil in the outer 
cylinder. The planted DCSC were thinned after emergence to one soybean plant, 
which was allowed to grow for 30 days, and then the experiment was terminated. 
The stem was severed at the soil line, and shoot fresh weight was recorded. Shoots 
were dried at 105°C for 2 days and reweighed. Soybean roots were gently removed 
from the soil by soaking in a 78.8 g / L Electrasol brand automatic dishwashing 
detergent solution (Benckiser Consumer Products, Inc., Danbury, CT) for 1 hour. 
The females and cysts were removed from the roots by spraying with a water stream 
onto a 850-|im-pore-sieve nested over a 250-nm-pore-sieve, collected, and counted. 
The roots were weighed after removal of the females and cysts. Cysts and J2 from 
the soil in the central core and from soil samples collected at the start of the 
experiment were separated from the soil by elutriation (Byrd et al., 1976). Cysts from 
the soil were collected and counted. Heterodera glycines J2 were collected during 
elutriation on a 25-Mm-pore sieve. The J2 and sediments from elutriation were 
centrifuged in tap water for 5 minutes at 220 g. The pellet was resuspended in a 0.45 
kg/L sucrose solution (Jenkins. 1964) which was centrifuged for 1 minute at 220 x g. 
Eggs were extracted from the females and cysts from the roots and from the cysts 
from the soil by grinding with a stainless steel pestle (Niblack et al.. 1993). The eggs 
then were separated from cyst debris by rinsing through a 75-nm-pore sieve nested 
over a 25-nm-pore sieve and then counted. 
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The design of the experiment was a randomized complete block with four 
replications. Each DCSC was an experimental unit. The experiment was reF)eated 
once. The data from the two experiments were similar, and thus, were combined and 
analyzed using analysis of variance (ANOVA). Fisher's LSD test was used to 
compare treatment means when significant differences among means were detected 
by ANOVA. The P= 0.05 level of significance was used to compare means. 
Results 
Zinc sulfate stimulated H. glycines egg hatch relative to deionized water in all 
experiments. Cumulative egg hatch with zinc sulfate ranged from 50 to 70% after 47 
days. Hatch of eggs in deionized water ranged from 10 to 20% after 27 days and 45 
to 55% after 45 days. 
Experiment 1: All of the test solutions, ammonium nitrate, ionic components of 
manure, volatile components of manure, and liquid swine manure reduced H. 
glycines egg hatch compared to hatch in deionized water (Fig. 2A). After eggs were 
placed in zinc sulfate at day 27, only eggs previously incubated in ammonium nitrate 
began hatching. Most of the eggs previously incubated in centrifuged and irradiated 
liquid swine manure, the ionic component of swine manure, and the volatile 
component of swine manure, were irreversibly inhibited from hatching, or possibly the 
unhatched juveniles in the eggs were killed. 
Unidentified volatile compounds from liquid swine manure and from the ionic 
component of swine manure that evidently were trapped in deionized water reduced 
egg hatch compared to other treatments (Fig. 2B). Eggs exposed to volatiles from 
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these two sources did not resume hatching when transferred to zinc sulfate after 27 
days. The deionized water in the tray incubated within the same box as the 
ammonium nitrate tray had the same effect on hatch as deionized water. The vapors 
from the volatile component of swine manure that were trapped in the deionized 
water in the same box stimulated hatch compared to egg hatch in the deionized 
water, but hatch was not as great as in zinc sulfate solution. In later experiments 
when individual compounds in the volatile components of swine manure were tested 
for effects on hatch, the compounds trapped in the deionized water were identified as 
the compounds in the test solutions (data not shown). When these same eggs were 
transferred to zinc sulfate solution, the hatching increased. The hatching of eggs 
incubated initially in deionized water and ammonium nitrate solution increased when 
eggs were transferred to zinc sulfate solution (Fig. 2A, 2B). The cumulative hatch for 
these two treatments were the same after 47 days as for zinc sulfate. Results from 
the repeat experiment were essentially the same. 
Experiment 2; To determine the nature of the hatch-stimulating component of 
the vapors of swine manure in experiment 1, a solution containing the seven organic 
acids and another containing the six aromatic organic compounds were evaluated. 
Both solutions inhibited hatching of eggs incubated in the test solutions, compared to 
the hatch in deionized water (Fig. 2C). Hatch did not resume after transferring the 
eggs to zinc sulfate solution. In comparison, the hatch of eggs originally incubated in 
deionized water increased when transferred to zinc sul^te solution to a level that 
was greater than eggs only incubated in zinc sulfate solution. 
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Vapors from the aromatic organic compounds trapped in deionized water 
stimulated H. glycines hatch from 12 to 27 days after the start of experiment 2 
relative to hatch in deionized water (Fig. 2D). Trapped vapors from the organic acid 
solution inhibited hatch when compared to deionized water. When eggs previously 
incubated in the trapped vapors from the test solutions were transferred to zinc 
sulfate solution, the rate of hatching increased. After transferring to zinc sulfate 
solution, the rate of hatch increase for eggs previously incubated in the trapped 
vapors from the organic acid solution was nearly the same as for eggs previously 
incubated in deionized water. After 47 days, cumulative hatch for eggs first incubated 
in the trapped vapors from the organic acid solution and then transferred to zinc 
sulfate solution was similar to hatch of eggs incubated continuously for 47 days in 
zinc sulfate solution. Where eggs were first incubated in the trapped vapors from the 
volatile component of swine manure (the mixture of the aromatic organics + the 
organic acids) or the aromatic organic solution, the cumulative egg hatch increased 
after transfer to zinc sulfate solution but during this experiment never attained the 
cumulative hatch of eggs continuously incubated in zinc sulfate solution. The results 
of the repeat experiment essentially were the same. 
Experiment 3: The individual organic aromatic compounds were evaluated 
separately for effects on egg hatch. Egg hatch was inhibited by incubation in 4-ethyl 
phenol, indole, 3-methyl indole, and 4-methyl phenol, but not butylated 
hydroxytoluene and 4-amino acetophenone, when compared to hatch in deionized 
water (Fig. 3A). Eggs incubated in test solutions containing the organic aromatic 
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compounds that inhibited hatch did not resume hatching after transfer to zinc sulfate 
solution. Hatching for eggs incubated in butylated hydroxytoluene and 4-amino 
acetophenone increased after transfer to zinc sulfate to the level of hatch observed 
with eggs first incubated in deionized water and then transferred to zinc sulfate 
solution. 
Egg hatch was inhibited or not affected by vapors from most of the aromatic 
compounds trapped in deionized water when compared to the hatch of eggs in the 
deionized water (Fig. 3B). The exception was the trapp)ed vapors of indole, which 
stimulated egg hatch compared to hatch in deionized water. Eggs exposed 
previously to trapped vapors of all the aromatic organic compounds were stimulated 
to hatch after transfer to zinc sulfate solution. After transfer to zinc sulfate solution, 
hatch did not increase as rapidly in eggs previously exposed to 4-ethyl phenol, 4-
methyl indole, and 3-methyl phenol when compared to the increase in hatch of eggs 
previously in the other aromatic organic compounds and in deionized water. The two 
phenol compounds also stimulated the frequency of stylet thrusting and head and 
body movements of the hatched J2 (data not shown). No such movements were 
observed in J2 hatched in the other solutions. 
Experiment 4: The effects of indole and lAA on egg hatch were evaluated. 
Eggs incubated in 1.0 mM indole exhibited reduced hatch (Fig. 3C), but vapors from 
indole that were trapped in deionized water stimulated hatch when compared to 
deionized water (Fig. 3D). lAA had no effect on H. glycines egg hatch at either 0.1 or 
1 mM when compared to the deionized water. 
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Experiment 5: The purpose of this experiment was to determine if a water 
leachate collected over a period of four weeks from soil amended with liquid swine 
manure and soil not amended with swine manure had any effect on H. glycines egg 
hatch. 
When the leachates were tested for effects on H. glycines egg hatch, 
cumulative egg hatch was greater with zinc sulfate solution than with any other 
treatments (data not presented). Hatch was consistently 45 to 50% after 27 days 
incubation in zinc sulfate. Egg hatch was stimulated by incubation in a solution of 
undiluted (IX) leachate from unamended soil collected 2 and 7 days after the 
beginning of the experiment when compared to hatch in the deionized water (Fig. 4A-
B). Hatch also was stimulated by a 1:10 dilution of the same leachate collected after 
7 days of incubation, compared to hatch in deionized water. Leachate collected from 
unamended soil 14 and 28 days after the soil was first wetted stimulated hatching of 
eggs similar to hatch in deionized water (Fig. 4 C-D). 
Undiluted leachate from swine-manure-amended soils collected after 2, 7, 14, 
and 28 days of incubation in a soil column inhibited egg hatch relative to hatch in 
deionized water (Fig. 4 A-D). The 1:10 dilution of the same leachates inhibited egg 
hatch compared to hatch in deionized water, but only when the leachate was 
collected 14 and 28 days after swine manure amendment. 
The volatile components of the leachate were evaluated for egg hatch only 
with undiluted leachate collected 2 days after the experiment started (Fig. 5). Egg 
hatch was inhibited by the vapors trapped from the leachate from swine-manure-
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amended soil when compared to the hatch in deionized water and the hatch in 
deionized water that trapped the vapors from leachates from unamended soil. 
Although the leachates from unamended soil stimulated egg hatch compared to 
hatch in deionized water, the vapors from the leachate from unamended soil that 
were dissolved in the deionized water did not increase the hatching. 
Experiment 6: The volatile and contact effects of swine manure on H. glycines 
population densities and soybean growth after one month were evaluated with 
DCSCs in the greenhouse. Soybean shoot fresh weights were reduced when plants 
were grown in soil amended with the high rate of swine manure compared to the 
untreated, planted control (Table 3). No other treatments affected shoot growth, and 
root fresh weights were not different for any treatment. The shoot to root ratio was 
reduced in plants growing in soil amended with the lower concentration of swine 
manure relative to the untreated, planted control, but no other treatment had an 
effect. 
The total number of H. glycines females and cysts on the soyt)ean roots and 
the total number of eggs in the females and cysts on the roots were reduced in soil 
amended with both rates of swine manure and by the volatiles from soil amended 
with the lower manure concentration relative to the untreated, planted control. The 
number of females and cysts per g of root were reduced by contact with swine-
manure-amended soil and volatiles from swine-manure-amended soil at both rates of 
swine manure, relative to the untreated, planted control. 
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The H. glycines J2 population densities in the soil were reduced in soil 
amended with both concentrations of swine manure and by volatiies from soil 
amended with the higher rate of swine manure relative to the untreated, planted 
control (Table 4). J2 population densities in the untreated, unplanted control were not 
different from the densities in the soil amended with the high concentration of swine 
manure and planted with soybeans. J2 population densities were reduced more by 
soil amended at the high concentration of swine manure than by the volatiies from 
soil amended with swine manure at the same rate. 
Discussion 
In our experiments, H. glycines eggs either were irreversibly inhibited from 
hatching or possibly the juveniles in the eggs were killed by contact with liquid swine 
manure. This result agrees with the laboratory egg hatch studies conducted by Al-
Rehiayani (1992) and is consistent with the previous reports that animal manures 
suppress plant-parasitic nematodes. The contents of the unhatched eggs incubated 
in swine manure and in the ionic component of swine manure appeared to have 
undergone plasmolysis, leaving vacant space between the juveniles and the egg 
shells. Eggs incubated in deionized water and in other test solutions did not have 
vacant space between the juveniles and egg shells. 
hi. glycines eggs also were irreversibly prevented from hatching by vapors 
released by liquid swine manure. This is the first report of vapors from swine manure 
inhibiting hatch of plant-parasitic nematode eggs. Contact with leachate and volatiies 
from leachate taken from swine-manure-amended soil after a 2-day incubation also 
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inhibited egg hatch. Contact with swine-manure-annended soil and voiatiles from 
swine-manure-amended soil reduced J2 population densities and the percent hatch 
of H. glycines eggs in the greenhouse experiment using DCSCs. The results 
showing egg hatch inhibition from contact with leachate taken from swine-manure-
amended soil are similar to the results of Chindo and Khan (1990). They found that a 
water-soluble fraction of poultry manure reduced Meloidogyne incognita egg hatch 
and increased juvenile mortality when compared to hatch in distilled water. We also 
found that the egg-hatch-inhibiting factor in swine manure was water soluble and 
moved through the soil. The greenhouse results that show egg hatch inhibition by 
voiatiles from swine manure support our laboratory results. Although the cyst wall 
acts as a protective structure for the eggs during adverse environmental conditions 
in the soil (Okada, 1972; Young, 1992), voiatiles from the swine manure apparently 
were able to reduce hatch of the egg population in the soil, most of which were 
contained in the cysts. 
The N component of manure, in particular ammoniacal N, has been reported 
to suppress plant-parasitic nematodes in crops (Mian and Rodriguez-Kabana, 1982; 
Riegel et al.. 1996). Rodriguez-Kabana (1986) indicated that commercial fertilizer 
sources that contain ammoniacal N. such as ammonium nitrate, can suppress 
nematodes. Sudirman and Webster (1995) reported that ammonium nitrate inhibited 
or slowed Meloidogyne incognita egg hatch. In our experiment 1, egg hatch was 
inhibited when eggs were incubated in the ammonium nitrate solution compared to 
egg hatch in deionized water. However, once the eggs were removed from the 
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ammonium nitrate solution and transferred to zinc sulfate solution, egg hatch 
returned to a level that was not different fi'om the zinc sulfate solution control. In 
other words, egg hatch inhibition by ammonium nitrate was reversible and not 
nematicidai, but rather was nemastatic by preventing hatch. The vapors from 
ammonium sulfate did not inhibit hatch. 
Japenga and Harmsen (1990) identified the ionic component of swine 
manure. Heterodera glycines egg hatch was irreversibly inhibited when eggs were 
incubated in the ionic component solution and when incubated in deionized water 
with vapors trapped from the ionic component. The high nutrient salt content of swine 
manure has been reported to be lethal to crop plants and microorganisms in the soil 
(Sutton et al., 1996). 
The volatile component of decomposing swine manure, as quantified in the air 
over swine manure lagoons and confinement pits by Zahn et al. (1997), irreversibly 
inhibited H. glycines egg hatch when eggs were incubated in the test solution. Badra 
et al. (1979) had previously reported that fatty acids and phenols, microbial 
breakdown products of organic amendments, had nematicidai effects. The mixture of 
compounds in the volatile component contained both phenols and organic acids. 
However, the vapors from the volatile component stimulated hatch of H. glycines 
eggs. Once the eggs that had been incubated in the volatile component were 
transferred to zinc sulfate solution, the level of hatch peaked sooner and did not 
increase to the level of hatch in eggs incubated in deionized water and transfered to 
zinc sulfate solution. This result may suggest that one or more of the compounds in 
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the mixture was stimulating hatch, while others were accumulating over time in the 
eggs and inhibiting the hatch of some eggs. 
The complex mixture of organic acids and aromatic organic compounds 
released when swine manure is metabolized by microrganisms could inhibit H. 
glycines egg hatch in the soil. It is possible that eggs in direct contact with these 
compounds could be irreversibly inhibited from hatching. Even the vapors from the 
organic acids and from several of the aromatic organic compounds could possibly 
inhibit egg hatch in the soil. 
When the seven aromatic organic compounds were tested separately, the 
volatiles from indole were found to stimulate egg hatch. The hatch response from 
indole probably was concentration-dependent since eggs incubated in the indole 
solution were irreversibly inhibited from hatching. The vapors trapped in the 
deionized water would have been at a much lower concentration. It was thought that 
an analog of indole, lAA, may stimulate egg hatch similar to indole. But lAA at 0.1 
and 1 mM did not stimulate egg hatch when compared to egg hatch in deionized 
water. 
Although H. glycines egg hatch was shown to be inhibited when incubated 
directly in a swine manure solution, we were interested in determining if the water 
leachate collected over a period of incubation time from a swine-manure-amended 
soil would inhibit egg hatch. Also, we were interested in determining if the hatch-
inhibiting-factor in swine manure was water soluble as was reported for poultry 
manure by Chindo and Khan (1990). We found that leachate from swine-manure-
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amended soil collected after at least 28 days of incubation could still inhibit H. 
glycines egg hatch. The hatch-inhibiting factor in swine manure probably was water 
soluble because the water leachate from swine-manure-amended soil inhibited 
hatch, and most of the precipitate was removed from the water leachate when 
passed through a sterile cellulose acetate filter with 0.22-^m-porosity. 
We observed smaller increases in numbers of females and cysts on roots of 
soybeans after growing for one month in soil amended with swine manure in the 
greenhouse compared to the same in the unamended soil. The suppressive effects 
of swine manure on H. glycines occurred within the first 30 days after application of 
the manure. 
The nematode-suppressive effect of animal manures may be limited to a short 
time in the beginning of the growing season, soon after application of the manure 
(Ueda, 1996; Matsuo et al., 1994). We found in other work (Reynolds et al., 2000) 
that soybean plants were taller and yields greater when swine manure was applied 
even though H. glycines population densities at harvest also were greater when 
swine manure was applied. Both the enhanced soyt}ean growth and yield and the 
increased H. glycines egg population densities probably were due to more nutrients 
available from swine manure. If compounds toxic to H. glycines are present in swine 
manure, they might t)e degraded later in the season. Ueda (1996) observed greater 
H. glycines cyst population densities after soybean harvest where swine manure was 
applied than in the untreated check, a finding we confirmed (Reynolds et al., 2000). 
Similarly, Matsuo et al. (1994) reported that under controlled conditions, the number 
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of H. glycines adult females on soybean roots, the number of J2 in the soil, and the 
rate of egg hatch increased in soil amended with dried cattle manure relative to the 
absence of the amendment. 
Leachate from soil not amended with swine manure and incubated in soil 
columns in the greenhouse stimulated H. glycines egg hatch. Although there were 
few, if any, reports of egg hatch stimulation from soil leachates, reports of egg hatch 
stimulation by root leachate were common ( Perry, 1989; Jones et al., 1998). The 
water-soluble-hatching factor in the soil leachate may have come from the roots of 
the soybeans that had been growing in the soil just prior to collection of the soil for 
the greenhouse study. Hatch was stimulated by leachate collected after 2 and 7 days 
of soil incubation at field capacity, but hatch was not stimulated by leachate collected 
after 14 and 28 days. 
In summary, the toxic effects of swine manure on H. glycines in our 
experiments were temporary and probably due to many different components. The 
nitrogen component, the ionic component, and the organic acids and the organic 
aromatic compounds released during degradation of swine manure in the soil all can 
be suppressive to H. glycines by inhibiting egg hatch. Volatiles from soil amended 
with swine manure reduced egg hatch and J2 population densities in the 
greenhouse. Soil leachate from soil collected after soybean harvest stimulated H. 
glycines egg hatch. 
122 
Literature Cited 
Acedo, J. R. and V. H. Dropkin. 1982. Technique for obtaining eggs and juveniles 
of Heterodera glycines. Journal of Nematology 14:418-420. 
Akhtar, M. and I. Mahmood. 1997. Impact of organic and inorganic management 
and plant-based products on plant-parasitic and microbivorous nematode 
communities. Nematologia Mediteaanea 25:21-23. 
Al-Rehiayani, S. 1992. Management of soil fungistasis and soybean cyst 
nematode activity with animal manure amendments. M.S. thesis, Iowa State 
University, Ames, lA. 
Badra, T., M. A. Sahel, and B. A. Oteifa. 1979. Nematicidal activity and 
composition of some organic fertilizers and amendments. Revue de Nematologie 
2:29-36. 
Bullock L. R., Ill, K. R. Barker, and J. B. Ristaino. 1999. Effects of organic and 
synthetic fertility amendments on nematode trophic dynamics in tomato field soils. 
Phytopathology 89:10 (Abstr.). 
123 
Byrd, D. W.. Jr., K. R. Barker, H. Ferris. W. E. Nusbaum, W. E. Griffin, R. H. 
Small, and C. Stone. 1976. Two semi-automatic elutriators for extracting nematodes 
and certain fungi from soil. Journal of Nematology 8:206-212. 
Chindo, P. S. and F. A. Khan. 1990. Control of root-knot nematodes, Meloidogyne 
spp., on tomato, Lycopersicon esculentum Mill., with poultry manure. Tropical Pest 
Management 36:332-335. 
Clarke, A. J. and A. M. Shepherd. 1966. Inorganic ions and the hatching of 
Heterodera spp. Annals of Applied Biology 58:497-508. 
Conn, K. L. and G. Lazarovits. 1999. Impact of animal manures on verticillium wilt, 
potato scab, and soil microbial populations. Canadian Journal of Plant Pathology 21: 
81-92. 
Helrich, K., editor. 1990. Official methods of analysis, 15th edition. Arlington, VA.: 
Association of Official Analytical Chemists. 
Japenga, J. and K. Harmsen. 1990. Determination of mass balances and ionic 
balances in animal manure. Netherlands Journal of Agricultural Science 38:353-367. 
124 
Jenkins, W. R. 1964. A rapid centrifugal-flotation technique for separating 
nematodes from soil. Plant Disease Reporter 48:692. 
Jones, P. W. , G. L. Tylka, and R. N. Perry. 1998. Hatching. Pp. 181-211. m R. N. 
Perry and D. J. Wright, eds. The physiology and biochemistry of free-living and plant-
parasitic nematodes. New York: C.A.B. International. 
Kaplan, M. and J. P. Noe. 1993. Effects of chicken-excrement amendments on 
Meloidogyne arenaria. Journal of Nematology 25:71-77. 
Khan, A., S. Islam, S. S. Shaukat, and F. M. Bilqees. 1997. The efficacy of some 
organic amendments in controlling spiral nematodes associated with apple. 
Nematologia Mediterranea 25:173-175. 
Khan, F. A. 1994. Effect of soil organic amendments on the development of 
Pratylenchus brachyurus and growth and yield of okra. Afro-Asian Journal of 
Nematology. 4:84-87. 
Matsuo ,K., K. Shimizu, H. Yamamoto, and H. Tsuji. 1994. Effects of application of 
dried cattle feces on population dynamics of the soybean cyst nematode (Heterodera 
glycines Ichinohe) 1. Number of the second stage juveniles in the soil and female 
adults on the soybean roots. Japanese Journal of Nematology 24:69-74. 
125 
Mian, I. H. and R. Rodriguez-Kabana. 1982. Soil amendments with oil cakes and 
chicken litter for control of Meloidogyne arenaria. Nematropica 12:205-220. 
Morant, M. A., J. L Casasola, C. B. Brooks, E. T. Philip, V. G. Mitchell, and C. R. 
Orr. 1997. Poultry litter enhances soybean productivity in field infested with soybean 
cyst nematode. Journal of Sustainable Agriculture 11:39-51. 
Muller, R. and P.S. Gooch. 1982. Organic amendments in nematode control. An 
examination of the literature Nematropica 12:319-327 
Niblack, T. L.. R. D. Heinz, G. S. Smith, and P. A. Donald. 1993. Distribution, 
density, and diversity of Heterodera glycines in Missouri. Supplement to the Journal 
of Nematology 25:880-886. 
Oduor-Owino, P. and S. W. Waudo. 1996. Effect of delay in planting after 
application of chicken manure on Meloidogyne javanica and Paecilomyces lilacinus. 
Nematologia Mediterranea 24:7-11. 
Okada, T. 1972. Hatching inhibitory factor in the cyst contents of the soyt>ean cyst 
nematode Heterodera glycines. Applied Entomology and Zoology 7:99-102. 
126 
Perry, R. N. 1989. Root diffusates and hatching factors. Aspects of Applied 
Biology 22:121-129. 
Reynolds, D. A., G. L Tylka, and C. A. Martinson. 2000. Swine manure effects on 
Heterodera glycines and soybean. Journal of Nematology (To be submitted). 
Riegel, C., F. A. Femandez, and J. P. Noe. 1996. Meloidogyne incognita infested 
soil amended with chicken litter. Journal of Nematology 28:369-378. 
Rodriguez-Kabana, R. 1986. Organic and inorganic nitrogen amendments to soil 
as nematode suppressants. Journal of Nematology 18:129-135. 
Sawyer , J. E. and R. G. Hoeft. 1990. Greenhouse evaluation of simulated injected 
beef manure. Agronomy Journal 82:613-618. 
Stephan, Z. A. 1995. The efficacy of nematicides and horse manure in controlling 
root-knot nematodes on tomato and eggplant. Nematologia Mediterranea 23:29-30. 
Stirling, G. R. 1989. Organic amendments for control of root-knot nematode 
{Meloidogyne incognita) on ginger. Australasian Plant Pathology 18:39-44. 
127 
Sudirman and J. M. Webster. 1995. Effect of ammonium ions on egg hatching 
and second-stage juveniles of Meloidogyne incognita in axenic tomato root culture. 
Journal of Nematology 27:346-352. 
Sutton, A. L., J. F. Power, J. P. Fontenot, D. L. Forster, D. M. Huber, D. D. Jones, 
K. A. Kelling, T. A. McCaskey, J. A. Moore, and L. M. Safley, Jr. 1996. Integrated 
animal waste management. Task Force Report 128, Council of Agricultural Science 
and Technology, Ames, lA. 
Ueda, Y. 1996. The effects of soil application of organic materials on the dispersal, 
root penetration of soybean cyst nematode Heterodera glycines, and on yield loss of 
soybean. Japanese Journal of Nematology 26:29-31. 
Wahundeniya, I. 1991. Effect of poultry manure on root knot nematodes 
{Meloidogyne spp.) in tomato (Lycopersicon esculentum Mill.) Tropical Agriculturist 
147: 143-153. 
Wong, A. T. S., G. L. Tylka, and R. G. Hartzler. 1993. Effects of eight herbicides 
on in vitro hatching of Heterodera glycines eggs. Journal of Nematology 25:596-602. 
128 
Young, L. D. 1992. Epiphytology and life cycle. Pp. 27-36. In: R. D. Riggs and J. A. 
Wrather, eds. Biology and management of the soybean cyst nematode. St. Paul, 
MN; APS Press, 
Zahn, J. A., J. L. Hatfield, Y. S. Do, A. A. DiSpirito, D. L. Laird, and R. L. Pfeiffer. 
1997. Characterization of volatile organic emissions and wastes from a swine 
production facility. Journal of Environmental Quality 26:1687-1696. 
129 
t- ^ 
Black neoprene 
nose 
000 ruBOer 
stopper 
102mrn PVC pipe. 2-1 mm long 
180nm porosity ngio mesn cylmaer 
12mm air sleeve Between screens 
ISOtim Borosity ngio mesn cylmaer 
Soil in Outer cylmaer 
Soil in center cylmaer mfestea 
with Heteroaera giyones 
1 mm porosity mesn screen 
securea wiin plastic tie 
51 mm K 38mm PVC 
coupling (reaucer) 
102mm X 51mm coupling ireaucer) 
SI mm X 38mm PVC Bushing 
152mm of 38mm PVC pipe 
38mm threaaea adapter 
38mm threaaea cap 
Figure 1. The dual chamber soil column consisted of a 102 mm PVC pipe 241 mm long, 
nested in a 102 mm x 51 mm PVC reducer coupling and subtended by a 51 mm x 38 mm 
PVC bushing. The bushing surrounded a 38mm PVC pipe 152 mm long which was capped 
on the lower end with a 38 mm PVC threaded male adaptor and 38 mm threaded PVC cap. 
The upper end of the 38 mm pipe was fitted with a 51 mm x 38 mm PVC reducer coupling 
which nested a rigid stainless steel screen cylinder 51 mm dia x 200 mm long and a 150 
um porosity. A 90 mm dia circular section of 1 mm porosity plastic mesh screen was placed 
over the lower end of the stainless steel cylinder before inserting into the PVC reducer 
coupler. The 51 mm dia stainless steel cylinder contained the central core of soil (400 cm^) 
which supported the growth of a soybean plant. A second rigid stainless steel mesh 
cylinder 75 mm dia x 245 mm long and a porosity of 180 um surrounded the 51 mm dia 
mesh cylinder. The space between the 75 mm dia cylinder and the 102 mm dia pipe 
provided a cylindrical chamber for 731cm^ of soil. The outer soil cylinder was sealed at the 
top with a compression ring constructed from black neoprene tubing (ends cemented 
together with caulking). The air sleeve between the two mesh cylinders was sealed at the 
top with another compression ring made from black neoprene tubing. Water drainage from 
the outer soil cylinder was through a 10 mm dia hole drilled into the supporting PVC 
coupler plugged with a 000 rubber stopper. Drainage water from the center core of soil was 
eliminated by removing the PVC cap. 
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Figure 2. Effect of swine manure and components of swine manure on 
cumulative egg hatch of Heterodera glycines for 27 days, after which eggs were 
placed in zinc sulfate solution. A) Eggs in contact with test solutions. B) Eggs from 
vapors of test solutions trapped in deionized water. C) Eggs in contact with mixtures 
of organic acids and aromatic organic compounds. D) Eggs incubated in vapors from 
mixtures of organic acids and aromatic organic compounds trapped in deionized 
water. Error bars are the least significant difference (a=0.05). 
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Figure 3. Effect of aromatic organic compounds on cumulative egg hatch of 
Heterodera glycines for 27 days after which eggs were placed in zinc sulfate solution. 
A) Eggs in aromatic organic solutions. B) Eggs in deionized water trapping vapors of 
aromatic organic test solutions. C) Eggs in indole and indole-3-acetic acid solutions. 
D) Eggs in deionized water trapping vapors of indole and indole-3-acetic acid. Error 
bars are the least significant difference (a=0.05). 
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Figure 4. Effect of leachate from swine-manure- and tap-water-amended soil on 
cumulative egg hatch of Heterodera glycines. A) After 2 days incubation. B) After 7 
days incubation. C) After 14 days incubation. D) After 28 days incubation. Error bars 
are the least significant difference (a=0.05). 
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Figure 5. Effect of leachates from swine-manure- and tap-water-amended soils 
collected after 2 days of incubation on cumulative egg hatch of Heterodera glycines. 
Contact refers to the effect on eggs incubated in the leachate. Volatile refers to the 
effect of vapors from leachate trapped in deionized water. Error bars are the least 
significant difference (a=0.05). 
Table 1. List of compounds and concentrations for the volatile components of swine 
manure and the ionic components of swine manure solutions. 
134 
Volatile components of swine manure* 
Organic acids 
acetic acid 3 
butyric acid 2 
heptanoic acid 1 
hexanoic acid 2 
isobutyric acid 2 
isovaleric acid 2 
propionic acid 2 
valeric acid 2 
Aromatic organic compounds 
butylated hydroxytoluene 1 
4-amlno acetophenone 1 
4-ethyl phenol 1 
indole 1 
3-methyi indole 2 
4-methyl phenol 2 
Ionic components of swine manure" 
acetic acid 46 
ammonium bicarbonate 181 
calcium chloride bihydrate 13 
potassium acetate 75 
potassium chloride 24 
potassium hydroxide 6 
sodium hydroxide 1 
® According to Zahn et al. (1997). 
'' Test solution was 50% of concentration proposed by Japenga and Harmsen, 
(1988). 
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Table 2. Experimental treatments for experiment 6 in the greenhouse showing 
relative rate of swine manure applied, where placed in the dual chamber soil 
columns, and whether planted to soybean. 
Soil treatment Inner core planted 
Treatment description' Central core Outer cylinder to soyb< 
Untreated, planted untreated untreated yes 
Untreated, unplanted untreated untreated no 
Volatile, low, planted untreated 51 ml manure yes 
Volatile, high, planted untreated 102 ml manure yes 
Contact, low, planted 51 ml manure untreated yes 
Contact, high, planted 102 ml manure untreated yes 
Contact, high, unplanted 102 ml manure untreated no 
^ Contact refers to swine-manure-amended soil only in the central core. Volatile 
refers to swine-manure-amended soil only in the outer cylinder 
Table 3. Effect of contact with or volatiles from swine manure at two application rates on soybean shoot 
and root weights (g) and numbers of Heterodera glycines females and cysts on soybean roots after 30 days' 
Weights (g) 
Shoot Root Shoot to 
Treatment Fresh Dry fresh root ratio 
Untreated, planted 3.58 a 0.93 a 1.72 a 2.05 a 
Volatile, low, planted 3.07 ab 0.80 ab 1.78 a 1.71 ab 
Volatile, high, planted 2.17b 0.58 b 1.26 a 1.57 ab 
Contact, low, planted 3.02 ab 0.77 ab 2.00 a 1.52 b 
Contact high, planted 2.35 b 0.63 ab 1.45 a 1.66 ab 
Females and cvsts 
Number 
on roots 
400 a 
per g of 
root 
307 a 
Total 
eggs 
4,741 a 
248 ab 142 b 3,250 ab 
151 be 114b 1,834 be 
90 be 52 b 2,084 be 
1 c 1 b 622 e 
' Data are means of 8 replications. Numbers in columns followed by the same letter are not significantly 
different according to Fisher's LSD test (a =0.05). 
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Table 4. Effect of contact with or volatiles from swine manure application 
at two application rates on Heterodera glycines population densities in the 
central core (per 100 cm^) of soil after 30 days". 
T reatment 
Second-stage 
juveniles 
Total cysts 
in soil 
Total eggs 
in cysts 
Untreated, planted 66 ab 129 a 5,236 a 
Untreated, unplanted 5d 105 ab 4,534 ab 
Volatile, low, planted 67 a 108 ab 4.142 ab 
Volatile, high, planted 39 be 119ab 3,883 ab 
Contact, low, planted 29 cd 119ab 3,508 b 
Contact, high, planted 9d 101 ab 3,643 ab 
Contact, high, unplanted 5d 97 b 4,122 ab 
^ Data are means of 8 replications. Numbers in columns followed by the same 
letter are not significantly different according to Fisher's LSD test (a =0.05). 
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CHAPTER 5 
GENERAL SUMMARY 
This dissertation consists of three components. The first component was 
primarily a study of the effects of swine manure application in com on Heterodera 
glycines egg population densities in a com-soyt)ean rotation, in addition, I evaluated 
the effects of swine manure application on soybean growth and yield and on other 
nematodes in the soil. 
I was interested in the effects of swine manure on H. glycines because 
numerous investigators (Al-Rehiayani, 1982; Chindo and Khan, 1990; Kaplan and 
Noe, 1993; Riegel et al.. 1996; Stephan, 1995) have reported that animal manure 
application is suppressive to plant-parasitic nematodes. Some authors have 
suggested that the suppression is due to a reduction in egg hatch by toxic 
components of manures. Since most swine manure is applied to com fields, any 
reduction in egg hatch the year of a com crop would most likely result in a greater 
initial egg population density the following spring than if swine manure were not 
applied. Elevated egg population densities the year soyt)eans are grown would 
negate the effectiveness of a year of nonhost crop in rotation. 
HetenDdera glycines egg population densities at all three sampling dates for 
both the com and the soybean year in both experiments were not significantly 
different where manure or inorganic fertilizer was applied and in the untreated, 
planted check. 
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Soybean heights and yields were increased when swine manure was applied 
in com the previous year. The increased nutritive effects of swine manure commonly 
observed in com were evident in soybeans the second year after application. 
Population densities of Helicotylenchus sp., stylet-t>earing nematodes, and 
non-stylet-bearing nematodes generally were reduced after one year of fallow, when 
no swine manure was applied and no crop was planted. Population densities of 
Helicotylenchus sp. were reduced in com where swine manure was applied and 
continued to stay lower the second year in soybeans when compared to the 
untreated, planted check. Total stylet-bearing nematode population densities were 
greater when swine manure was applied when compared to the planted check. Total 
non-stylet-bearing nematode population densities were greater in both experiments 
where swine manure had been applied and in the second year of the rotation where 
inorganic fertilizer had been applied than in the untreated control. 
The second component of the dissertation was determining the effect of swine 
manure application in soyt>eans on H. glycines population densities and soybean 
growth and yield. If swine manure inhibits hatch as reported, then H. glycines 
infection of soybean roots would be suppressed at least in the eariy part of the 
season. If true, the application of swine manure in soybeans could t}e considered a 
new management tool for H. glycines in soybeans. However, this was not the case. 
Although in greenhouse studies we did see an increase in growth of soytieans and in 
the field experiments increased soybean yield, the H. glycines population densities at 
harvest in both greenhouse and field experiments were greater where swine manure 
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was applied than in the untreated controls. The H. glycines population densities 
probably were greater where swine manure was applied because additional nutrients 
in swine manure enhanced soybean root growth and likely provided an increase in 
the number of infection sites on the soyt)ean roots for nematode infestation and 
reproduction. Even though nematode infestation was increased, yields were also 
greater than in the untreated checks, suggesting that swine manure application 
provided nutrients that allowed the soybeans to overcome the yield-decreasing 
effects of H. glycines feeding. Rather than finding swine manure application to be an 
alternative management tool for suppressing H. glycines population densities and 
nematode feeding on soybean roots. I found that swine manure application posed a 
potential problem with future soybean crops by elevating the H. glycines population 
densities in the soil. Swine manure was useful in managing yield losses from 
nematode feeding by increasing soybean yields in the presence of H. glycines. 
More work is needed to evaluate the application of swine manure and the 
growing of H. g/yc/nes-resistant soybean varieties to manage populations. 
The third component of this dissertation evaluated the effects of various 
components of swine manure on H. glycines, especially egg hatch. I attempted to 
identify the component(s) responsible for the inhibition of egg hatch. I found that egg 
hatch was inhibited not only by the contact with whole liquid swine manure but also 
by the vapors coming from swine manure. The vapor effect was demonstrated in 
vitn^ and in soil using dual chamber soil columns. Although different concentrations 
were not studied, the vapor effect indicates that varying concentrations may have 
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differential effects. Heterodera glycines egg hatch was reduced when eggs were 
Incubated in the ionic comF>onent of liquid swine manure (Japenga and Harmsen, 
1990), in the volatile organic acids, and in volatile aromatic organic compounds 
(Zahn at a!., 1997). Eggs also were inhibited from hatching when incubated in 
deionized water with trapped vapors from the ionic component and the volatile 
organic acids and volatile aromatic organic compounds. The one exception was 
indole, which inhibited hatch when eggs were incubated in an indole solution, but 
stimulated hatch when eggs were incubated in deionized water with dissolved vapors 
from the indole solution. Ammonium nitrate was found to inhibit hatch when in 
contact with the eggs in solution, but hatch was not affected by vapors from 
ammonium nitrate. The inhibiting effects of ammonium nitrate were reversible while 
hatch inhibition by most of the other components was irreversible. 
Two experiments looked at the effect on egg hatch of water leachate from soil 
amended with swine manure and soil not amended with swine manure. Heterodera 
glycines eggs were inhibited from hatching by water leachate collected from swine-
manure-amended soil that had been incubating for up to 28 days. 
Dual chamber soil columns were designed and constructed to evaluate the 
effects of swine manure on H. glycines population densities in soil for one of the 
greenhouse experiments. The columns were an effective and relatively inexpensive 
way to evaluate both the contact and volatile effects of different compounds. I found 
that H. glycines female and cyst numbers on the roots of soyt>eans were reduced by 
soil amended with swine manure and by vapors coming from soil amended with 
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swine manure. Therefore, may differ depending on the when applied in concentrated 
bands such as when the manure is injected under the soil. The effects on hatch of H. 
glycines by components of swine manure, such as indole, could inhibit hatch in one 
site and stimulate hatch in another distant site. 
In summary, swine manure application in com in a com-soybean rotation has 
no effect on Heterodera glycines egg population densities in the year of com or in the 
following year of soybeans. Swine manure application can help soybeans overcome 
the yield-reducing effects of H. glycines by providing greater nutrient availability. 
Unfortunately, swine manure also increases the population density of the nematode 
in the soil creating a potential problem for future soybean crops. The potential for 
using swine manure application and the planting of H. g/yc/nes-resistant varieties 
should be evaluated to combine the positive hatch-inhibiting effects of swine manure 
and the season-long effects of suppression of nematode reproduction by the 
resistant varieties. 
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Table A-1. Effects of nutrient source on Heterodera glycines egg population densities 
in soil samples collected from between the rows in two corn-soybean rotation 
experiments. 
Crop year 
Nutrient type, rate' 
EQQ population density 
Experiment 1 Experiment 2 
April 21 July 7 Oct. 23 May 11 July 24 Noy. 13 
Com year 
Untreated, planted 16,850 a 4,913 a 5,575 a 8.465 a 5.515 a 4.430 a 
Untreated, fallow 15,838 a 5,325 a 5.300 a 8.285 a 4,380 a 4.780 a 
Swine manure 18.088 a 4,850 a 4,200 a 10.170 a 5.025 a 4,120 a 
Inorganic fertilizer 15.506 a 4.600 a 4,550 a 8,270 a 4,735 a 4,500 a 
Experiment l" Experiment 2 C 
May 11 Julys Noy.5 May 21 July 13 Sept.22 
Soybean year 
Untreated, planted 5,263 a 5,181 a 8,375 a 4.255 a 3.180 a 3.825 a 
Untreated, fallow 5,275 a 5,250 a 7.975 a 3.735 a 2.917 a 3,975 a 
Swine manure 4,850 a 4.075 a 8,588 a 3.360 a 2.985 a 4,135 a 
Inorganic fertilizer 5,313 a 3,825 a 6,500 a 4.095 a 3.625 a 4,155 a 
Within experiment, crop year, and column means followed by the same lower case 
letter are not significantly different according to Fisher's LSD test (a=0.05). 
® Swine manure rate was 56 m^ /ha. The rate of organic fertilizer corresponds to the 
NPK analysis of the available nutrients in the swine manure. 
^ Data are means of eight replications. 
Data are means of twenty replications. 
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Table A-2. Effects of nutrient treatments applied prior to planting of com in year 1 on 
soil population densities of various nematode groups (per 100 cm^) in soil collected 
from between the crop rows during a two-year com, soybean rotation in experiment 1 
conducted in a field infested with Heterodera glycines' . 
PoDulationPensitv at samplina time 
Com year Soybean year 
Nematode orouoina 
Com year treatment 
Pre-
treatment Mid-season Harvest Early Mid-season Harvest 
H.alvcines. J2 
Untreated, planted 85 51 75 92 80 96 
Untreated, fallow 66 30 72 59 97 102 
Swine manure 80 49 86 101 56 101 
Inorganic fertilizer 67 24 97 45 82 119 
LSD (a= 0.05) ns ns ns ns 40 ns 
HelicoMenchus so. 
Untreated, planted 44 16 61 31 19 25 
Untreated, fallow 20 10 29 27 4 16 
Swine manure 26 15 42 24 10 15 
Inorganic fertilizer 21 19 42 19 19 50 
LSD (a= 0.05) ns ns 31 ns ns 30 
other stvlet-bearina nematodes 
Untreated, planted 44 97 215 104 151 189 
Untreated, fallow 32 84 125 56 149 92 
Swine manure 62 102 197 97 175 135 
Inorganic fertilizer 37 90 236 97 217 
LSD (a= 0.05) 25 ns 145 ns ns 
Non-stvlet-bearina nematodes 
Untreated, planted 171 32 134 52 74 156 
Untreated, fallow 141 54 90 65 65 105 
Swine manure 184 66 110 91 60 155 
Inorganic fertilizer 117 59 169 61 65 180 
LSD {a= 0.05) ns 27 ns ns ns ns 
Total stvlet-bearina nematodes 
Untreated, planted 172 165 351 227 250 310 
Untreated, fallow 119 124 226 142 250 211 
Swine manure 169 166 326 222 241 251 
Inorganic fertilizer 126 132 380 161 319 342 
LSD {a= 0.05) 51 ns 153 ns ns ns 
Total nematodes 
Untreated, planted 344 197 485 280 324 466 
Untreated, fallow 260 177 316 207 315 316 
Swine manure 352 232 436 314 301 406 
Inorganic fertilizer 244 191 549 222 384 522 
LSD (a=0.05) ns ns ns ns ns ns 
® Data means are of 8 replicates. ® J2 are the second-stage juveniles of H. glycines. 
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Table A-3. Effects of nutrient treatments applied prior to planting of com in year 1 on 
soil population densities of various nematode groups (per 100 cm^) in soil collected 
from between the crop rows during a two-year com. soybean rotation in experiment 2 
conducted in a field infested with Heterodera glycines' . 
Population Density at sampling time 
Nematode arouoina 
Com year treatment 
Pre-
treatment Mid-season Harvest Early Mid-season Hai^esi 
b 
Heterodera alvcines. J2 
Untreated, planted 129 56 62 47 64 105 
Untreated, fallow 108 56 103 27 73 99 
Swine manure 104 52 57 45 54 150 
inorganic fertilizer 90 62 56 51 68 162 
LSD (a= 0.05) 32 ns ns 23 ns 53 
Helicotvlenchus so. 
Untreated, planted 180 58 187 229 122 93 
Untreated, fallow 152 68 66 90 46 56 
Swine manure 131 68 147 123 97 70 
Inorganic fertilizer 137 49 106 146 74 89 
LSD (a= 0.05) ns ns 81 63 37 ns 
Other stv<et-bearina nematodes 
Untreated, planted 239 336 232 171 175 177 
Untreated, fallow 247 232 159 115 121 84 
Swine manure 230 241 276 147 201 194 
Inorganic fertilizer 248 266 251 158 204 205 
LSD (a= 0.05) ns ns 70 ns 65 47 
Non-stvlet-bearina nematodes 
Untreated, planted 112 191 205 81 73 139 
Untreated, fallow 104 152 173 77 74 94 
Swine manure 91 159 222 106 87 190 
Inorganic fertilizer 100 160 240 96 85 174 
LSD (a= 0.05) ns ns 62 ns ns 57 
Total stvlet-bearina nematodes 
Untreated, planted 549 450 482 448 361 375 
Untreated, fallow 507 357 329 232 240 240 
Swine manure 465 361 481 315 352 415 
Inorganic fertilizer 476 377 413 356 346 456 
LSD (a = 0.05) ns ns 132 110 98 96 
Total nematodes 
Untreated, planted 661 641 688 529 434 515 
Untreated, fallow 611 509 502 309 314 334 
Swine manure 556 521 703 421 439 605 
Inorganic fertilizer 576 537 653 453 432 630 
LSD (a = 0.05) ns ns 170 127 122 122 
Data means are of 8 replicates. ® J2 are the second-stage juveniles of H. glycines. 
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Table A-4. Main and interactive effects of nutrient type and nutrient placement on 
Heterodera glycines egg population densities from samples collected between the 
crop rows for four sampling dates in experiment 1. 
Nutrient 
Sampling date Eqq oooulation density" type 
Nutrient type, rate" In the row Between the row Broadcast mean 
Aoril 19 
Untreated 2,293 a 3,400 a 2,293 a 2.521 A 
Swine manure, low 3,437 a 3,874 a 3,437 a 3,387 A 
Swine manure, high 3.125 a 3,806 a 3,125 a 3,858 A 
Inorganic fert., low 2,762 a 3,350 a 2,762 a 3.220 A 
Inorganic fert.. high 4,234 a 2,987 a 4,231 a 3,071 A 
Placement mean 2,981 A 3,840 A 3,170A 
June 3 
Untreated 6,050 a 2,622 a 4,562 a 4,340 A 
Swine manure, low 3,575 a 4,162 a 3,525 a 3,754 A 
Swine manure, high 4.225 a 2,187 a 4,600 a 3,671 A 
Inorganic fert., low 3,337 a 3.562 a 4,125 a 3,675 A 
Inorganic fert., high 5,275 a 4,037 a 4,262 a 4,525 A 
Placement mean 4,492 A 3.298 A 4,215 A 
Julys 
Untreated 4.500 a 3,817 a 4,150 a 4,155 A 
Swine manure, tow 4,717 a 4,950 a 4,933 a 4.867 A 
Swine manure, high 3,217 a 4,417 a 3,067 a 3,537 A 
Inorganic fert., low 4.600 a 4.933 a 3,333 a 4.289 A 
Inorganic fert., high 4,150 a 4,633 a 4,600 a 4,461 A 
Placement mean 4,237 A 4,550 A 4,017 A 
Julv 23 
Untreated 2,137 a 2,511 a 3,137 a 2.308 A 
Swine manure, low 2,106 a 1,950 a 2,106 a 2.248 A 
Swine manure, high 2,512 a 2,175 a 2,512 a 2,554 A 
Inorganic fert., low 2,321 a 2,850 a 2,321 a 2,841 A 
Inorganic fert., high 2,150 a 2,375 a 2,150 a 2,430 A 
Placement mean 2,800 A 2.376 A 2.241 A 
Within column and sampling date means followed by the same lower case letter are 
not significantly different according to Fisher's LSD test (a=0.05). Within row or 
column and sampling date means of main effects follow^ by the same upper case 
letter are not significantly different according to Fisher's LSD test (a=0.05). 
® Low rate of swine manure was 23 m^/ha and high rate was 56 m^/ha. The low and 
high rate of organic fertilizer correspond to the NPK analysis of the available 
nutrients in the swine manure. 
^ Data are means of eight replications. 
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Table A-5. Main and interactive effects of nutrient type and nutrient placement on 
Heterodera glycines egg population densities from samples collected between the 
crop rows for three sampling dates in experiment 1. 
Samolina date Eoa DODulation densitv" 
Nutrient 
type 
mean Nutrient type, rate* In the row Between the row Broadcast 
Auaust 30 6,950 a 8.489 a 6,375 a 7.320 A 
Untreated 5.962 a 20.275 a 5,025 a 10.420 A 
Swine manure, low 5.450 a 8.162 a 6.612 a 6,742 A 
Swine manure, high 6,600 a 6,269 a 7,187 a 6,689 A 
Inorganic fert., low 6,455 a 10,425 a 5,050 a 7,276 A 
Inorganic fert., high 
Placement mean 6,050 A 10,669 A 6,280 A 
Seotember 19 
Untreated 7.200 a 5,478 a 5,737a 6,122 A 
Swine manure, low 5,012 a 7,687 a 3,662 a 5,454 A 
Swine manure, high 5.637 a 4,800 a 6,212 a 5,550 A 
Inorganic fert., low 6.700 a 6,300 a 5,200 a 6,104 A 
Inorganic fert., high 7,112a 4,775 a 6.555 a 6,164 A 
Placement mean 6,332 A 5,800 A 5.507 A 
October 10 
Untreated 6,475 a 4,625 a 4.450 a 5,183 A 
Swine manure, low 4,012 a 5.700 a 5.575 a 5,096 A 
Swine manure, high 4,550 a 7,050 a 6.000 a 5,867 A 
Inorganic fert., low 5,762 a 5,737 a 6,050 a 5,850 A 
Inorganic fert., high 5,762 a 6,537 a 6,862 a 6,387 A 
Placement mean 5,312 A 5,930 A 5.787 A 
Within column and sampling date means followed by the same lower case letter are 
not significantly different according to Fisher's LSD test (a=0.05). Within row or 
column and sampling date means of main effects follow^ by the same upper case 
letter are not significantly different according to Fisher's LSD test (a=0.05). 
^ Low rate of swine manure was 23 m^/ha and high rate was 56 mVha. The low and 
high rate of organic fertilizer correspond to the NPK analysis of the available 
nutrients in the swine manure. 
^ Data are means of eight replications. 
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Table A-6. Main and interactive effects of nutrient type and nutrient placement on 
Heterodea glycines egg population densities from samples collected between the 
crop rows in experiment 4. 
Nutrient 
Sampling date EQQ Dooulation density" type 
Nutrient type, rate* In the row Between the row Broadcast mean 
Mav 11 
Untreated 
Swine manure, high 
Inorganic fert., high 
1.366b 
1,464 ab 
1,672 a 
1,079 b 
1,365 a 
1,586a 
1,500 a 
1,268 ab 
1,022 b 
1.305 A 
1.372 A 
1,426 A 
Placement mean 
Julv 27 
1,491 A 1.343A 1,269 A 
Untreated 
Swine manure, high 
Inorganic fert., high 
808 a 
1,121 a 
1,143a 
3,392 a 
122b 
1.029 b 
836 a 
757 a 
1,300 a 
1,679 A 
667 B 
1,157 AB 
Placement mean 1,024 A 1,514 A 964A 
October 10 
Untreated 
Swine manure, high 
Inorganic fert., high 
4,443 a 
3,571 a 
5,079 a 
7,471 a 
4,100 b 
6,936 ab 
2,228 b 
7,836 a 
6,529 a 
4,714 A 
5,169 A 
6,181 A 
Placement mean 5,531 A 6,169 A 4,364 A 
Within column and sampling date means followed by the same lower case letter are 
not significantly different according to Fisher's LSD test (a=0.05). Within row or 
column and sampling date means of main effects followed by the same upper case 
letter are not significantly different according to Fisher's LSD test (a=0.05). 
® High rate of swine manure was 56 m^/ha. The high rate of organic fertilizer 
corresponds to the NPK analysis of the available nutrients in the swine manure. 
^ Data are means of six replications. 
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Table A-7. Effect of nutrient type and nutrient placement on Heterodera glycines egg 
population densities from samples collected between the crop rows in experiment 2. 
Nutrient 
Nutrient type placement Egg population densities 
Date samoled Aoril 21 Mav 20 June 3 
Untreated — 13.930 a 9,290 a 9,010 a 
Swine manure in the row 13,386 a 9,030 a 7,760 a 
Inorganic fert. in the row 12,930 a 8,340 a 9,920 a 
Swine manure between the row 12,330 a 7,590 a 8,140 a 
Inorganic fert. between the row 12,450 a 8,700 a 8,560 a 
Swine manure broadcast 10,540 a 12,260 a 10.180 a 
Inorganic fert. broadcast 11,170a 10,030 a 7,810 a 
Date samoled July 7 Auaust 6 Seotember 16 
Untreated — 4210 a 6,650 be 14,150 b 
Swine manure in the row 6660 a 10,030 ab 14,320 b 
Inorganic fert. in the row 6340 a 9,230 abc 2,283 a 
Swine manure between the row 5510 a 6,100 be 18,160 ab 
Inorganic fert. between the row 3270 a 5,760 c 15,650 ab 
Swine manure broadcast 3640 a 11,310a 18,390 ab 
Inorganic fert. broadcast 5030 a 8,550 abc 20,560 ab 
Data are means of 10 replications. 
Means within columns followed by the same letter are not significantly different 
according to Fisher's LSD test (a=0.05). 
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